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BASIC  DATA  CREATION  . 


INTRODUCTION 


IHICS  (Inter grated  Hull  Information  Control  System)  is  a 
series  of  program  packages  which  assists  engineers  in  the 
fields  of  design  and  production  engineering  of  hull  construe 
tion,  and  also  furnishes  them  with  all  informations  necessary 
for  the  execution  of  production. 


SECTION  DESIGN 


PRODUCTION  ENGINEERING 


1.  Problems  in  Manufacturing  Division. 


LAI 


There  are  many  problems  in  the  manufacturing  division 
of  shipbuilding  today. 

(A)  Increase  of  ship's  type  to  be  constructed  which 
has  been  caused  by  ship's  market. 

(B)  The  method  of  transmission  of  the  large  volume 

information  and  data  from  the  design  division 
to  the  manufacturing  division,  for  instance, 
-Numerical  Control  Data 
-Production  Engineering  Data 
-Production  Control  Data 

(C)  Requirements  of  highly  precise  data  and  information. 

(D)  Delivery  in  short  time 

^  2.  IHICS  solves  the  above  problems. 

(A)  Generates  the  engineering  and  production  data  from 
a  small  volume  of  input  data  prepared  by  engineers. 

(B)  Assist  s  engineers  in  the  design  and  production 
engineering  activity. 

(C)  Creates  the  full  part  data  base  which  supplies 

following  information  to  the  manufacturing  division. 

Information  of  production  engineering. 

Numerical  Control  Data. 


Piece  list  for  each  stage. 


(  5  -) 


3.  Scope  of  the  System. 

Covers  the  detailed  design  and  production 
engineering  for  hull. 

Excludes  the  functions  of  origination  of 
design  concept  nor  structural  analysis. 

*  Maximum  output  from  minimum  input. 

*  Illustration  of  the  proportion  of  the  input 
required  at  each  stage  to  the  whole  information 
in  the  system  is  shown  in  following  figure. 


4. 


Ships  having  been  applied  in  IHI  (as  of  May,  1978) 


*  470,000  DWT 

*  250,000  DWT 

*  100,000-150,000  DWT 

*  15,000-100,000  DWT 

*  20,000-100,000  DWT 

*  20,000-  30,000  DWT 

*  15,000-  30,000  DWT 


Tankers 

Tankers 

Tankers 

Bulk  carriers 

Combination  Carriers 

(Ore /Oil, Bulk /Oil) 

Containers 

cargos 


*  Floating  docks 

*  Platf rom-mounted  pulp  plant 

*  Large  derric  barge 


Specific  Features  of  the  System. 


Specific  features  of  IHICS  are  the  following. 

(A)  System  is  based  on  data  base  concept. 

System  data  base  is  under  the  control  of 
IBM  Information  Management  System  (IMS). 


(B)  .  3-D  Process  and  Functional  Offset  Data. 

(Theree  dimensional  Process) 

This  technique  allows  to  retrieve  geometric  data 

in  any  position  and  any  section. 


Transverse  Sec. 
Horizontal  Sec. 
Longitudinal  Sec. 
Any  other  cut  sec. 


Sec.  ' T ' 

Sec.  ’ H ' 

Sec.  ’ L ’ 

Sec. 'A' , 'C- 


These  section  data 
can  be  obtained  through 
'Cut  plane  program.' 
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(C)  "  LINE"  Statements. 

*  "LINE"  Statements  (Language  for  IHI  Numerical 
control  Engineering)  are  developed  for  means  of 
inter  comunication  between  designers  and  the 
system. 

*-Easy  expression  of  ship's  design  figures  and 

descriptions  of  design  standard  data  are  possible 
by  use  of  these  statements. 

(D)  Isolation  of  Technology  and  Accumulation  of 
Standards . 

*  The  system  is  isolated  from  design  technology. 

*  The  "STANDATD"  is  maintained  by  engineers 
followed  by  the  progress  of  the  design  technology. 

*  These  standards  will  be  accumulated  in  the  system 
and  will  grow  towards  a  high  technical  design 
system  with  time  in  the  same  way  as  the  accumula¬ 
tion  of  a  designer's  experiences  would  make  him 
an  expert. 

STANDARD 

-  Shape  standard :  slot  (Longitudinal  cut  out), 
hole,  scallop  Bracket,  Stiffener 

-  Standard  how  to  select/apply  standards 

-  Fabrication  standard 
excess,  edge  preparation 


B  102M.  »JM  A  *  »  . 


ft 

u 


UKil,n u/niimn.  Hnrimn  Honvv  Inrlii^tript  Co.  Ltd. 


Cets  * 


Accumulation 

of 

design 

experiences 


Register  N.  No 
s  standard?^-”™ 


Ship T  s 
drawing 


GROWTH  CYCLE 
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(E)  Relative  expression  of  Data  format 

"LINE"  is  designed  to  describe  objective  figures 
to  be  designed  in  relative  expression  as  far  as 
possible  so  as  to  minimize  corrections  caused  by 
the  alteration  of  design. 

This  concept  is  coherent  in  all  subsystems. 

(F)  Flexible  operation 


IHICS  can  be  selected  the  most  convenient  usage  of 
each  subsystem  againt  the  given  circumstances  such 
as  ; 


-  Applied  ship 

*  Newly  designed  ship 

*  Sister  ship 

*  Repaired  or  reconstructed  ship 

-  Allowable  designing  period 

-  Computer  Hardwares  &  Machinary  for  Fabrication 
Typical  selection  can  be  seen  in  the  following  table. 


2.  Composition  and  usage  of  Subsystems 


Basic  data 
creation  subsystem 


Section  design 
Subsystem 


Production 

engineering  subsys. 


Data  base 
control  system 


D/C-I 

j j  _ _ i  _ _ 

uutti'  at.  o  cr  u.a.£>px<±y 


Notes 


*  Program 
language  for 
applications 
:  PL/I 
Optimizing 
compiler. 


j*  Data  base 
j  control 
!  :  IMS  DB/DC 

i 

I  x 

j  *  Required  core 
size 
:  512KB 


(MJ4)  *211  A  4  HI 
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(G)  Online  Capability  (Option) 

IHICS  supports  many  online  terminals  under 
IMS/DB.DC  capability. 

6.  Background  of  IHICS 

IHICS  is  based  on  the  total  hull  design  systems 
developed  by  IHI  in  1971. 

The  new  IHICS  includes  the  suggestions  obtained  from 
the  past  ten  year’s  experience. 


(12) 


IHICS  PERSPECTIVE 

IHICS  is  composed  of  the  following  three  sub-systems: 

*  Basic  Data  Creation  Sub-system 

*  Section  Design  Sub-system 

*  Production  Engineering  Sub-system 

The  system  perspective  and  outline  are  shown  in  the  following  figure. 


BASIC  DATA  CREATION  SUB  SYSTEM 

FAIRING  OF  A  SHIP'S  HULL 
LINES  FAIRING  PROGRAM 

:*  SHELL  LANDING  PROGRAM 

CONSISTS  OF  •  SEAM/BUTT  LANDING  PROGRAM 

. LONGITUDINALS  LANDING  PROGRAM 
. SCANTLING  DEFINITION  PROGRAM 

*  PANEL  LANDING  PROGRAM 

CONSISTS  OF  .  SEAM/BUTT  LANDING  PROGRAM 

•  LONGITUDINALS  LANDING  PROGRAM 

•  SCANTLING  DEFINITION  PROGRAM 

*  3-D  PROSESS  PROGRAM 

CONSISTS  OF  .PANEL  DEFINITION  PROGRAM 

•  COMPARTMENT  DEFINITION  PROGRAM 
. CUT  PLANE  PROGRAM 

.PANEL  COMPOSITION  PROGRAM. 

. . .OUTPUT.  .  . 

.GEOMETRY  DATA  BASE,  PANEL  DATA  BASE,  SCANTLING 
DATA  BASE 

•  A  COMPLETE  DRAWING  OF  ANY  DESIRED  PORTION  OF 
LINES  DRAWING 

•  THE  BOOK  OF  MOLD  LOFT  OFFSETS 

•  STRUCTURAL  BODY  PLAN (1/10,  1/50) 

.SHELL  EXPANSION  PLAN 

•  PANEL  PLAN  DECK/BULKHEAD/FLAT/ . 


U4 


SECTION  DESIGN  SUB  SYSTEM 

*  SECTION  DESIGN  PROGRAM 

CONSISTS  OF  .WEB'S  FIGURE  DEFINITION 

. STIFFEMER  &  JOINT  ARRANGEMENT  ON 
A  WEB 

*  SCANTLING  DEFINITION  PROGRAM 

CONSISTS  OF  .WEB/FACE  PLATE  SCANTLING  DEFINITION 

PROGRAM 

•  STIFFENER  SCANTLING  DEFINITION 
PROGRAM 

*  PIECE  DATA  ASSORTMENT  PROGRAM 

CONSISTS  OF  .PIECE  DATA  ASSORTMENT  PROGRAM 

*  •  ‘OUTPUT  •  •  • 

» SECTION  PLAN (1/10,  1/50) 

.PIECE  CONTROL  DATA  LIST 

.PRESENTS  PIECE  LISTS  EACH  ASSEMBLY 
UNIT. 

. INCLUDES  PIECE  NAME,  QUANTITY, 

SCANTLING,  WEIGHT,  PIECE  DWG  FORMAT, 
FABRICATION  PROCESS,  AND  OTHER 
PRODUCTION  CONTROL  DATA. 

•  AFFORDS  FACILITIES  FOR  DATA 
CORRECTION. 


ishikawajima-  Harima  Heavy  industries  Co.,  Ltd 
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PRODUCTION  ENGINEERING  SUB  SYSTEM 


«« 


*  EDITTING  PROGRAM 

CONSISTS  OF  -PART  PROGRAM  GENERATOR 

•PLATE  EDGE  MODIFIER  PROGRAM 

*  PART  GENERATION  PROGRAM 

CONSISTS  OF  -SHELL  PLATE  DEVELOPMENT  AND  ASSEMBLING 
DATA  CALCULATION  (SHELL) 
•LONGITUDINAL/TRANSVERSE  FRAME  DEVELOPMENT 
PROGRAM  (LODACS) 

•INTERNAL  STRUCTURE  DEVELOPMENT  (LINE 

SYSTEM) 

(WEB  PLATE,  FACE  PLATE,  STIFFENERS 

AND  OTHERS) 

*  NESTING  PROGRAM 

CONSISTS  OF  ‘MANUAL  NESTING  PROGRAM 

. INTERACTIVE  NESTING  PROGRAM  BY  CADS 
.  POST  PROCESSOR  FOR  NUMERICAL  CONTROL 
MACHINE 

*  PART  DATA  BASE 
ADMINISTRATIVE  PROGRAM 

CONSISTS  OF  .PART  DATA  BASE  HANDLER 

•  PIECE  LIST  EDITTING  PROGRAM 
FOR  FABRICATION 
SUB-ASSEMBLY 
ASSEMBLY 
ERECTION 


4 


ini^uc.rikc  f  n.  .  I 
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•  •  •  OUTPUT  • • • 

•PIECE  DRAWING  (INCLUDING  TABLE  FORMAT) 

•NUMERICAL  CONTROL  DATA/TAPE 
•PIECE  LIST  FOR  EACH  STAGE 

•  TEMPLATE  FOR  BENDING  (SHELL  PLATE  AND  LONGITUDINAL 

FRAME) 

•BLOCK  MARKING  DATA  FOR  SHELL 

•JIG  HEIGHT  FOR  ASSEMBLING  CURVED  SHELL  BLOCK 


GENERAL  SYSTEM  OPERATION  FLOW 


The  diagrammatic  general  system  operation  flow  is  shown  in  the 
following  figure,  in  which  main  job  steps,  main  output  and  main 
program  modules  are  indicated. 

The  detaied  explanations  of  each  step  are  to  be  referred  to  the 
following  sections. 

■Data  base/Sub- system  Main  Job  Step  Main  Outputs  Items 


Step  1 


Data  base 


Geometry  D3. 
Scantling  DB. 
Panel. Comp..  DB: 
Design  DB. 

Parts  DB. 
Standard  DB. 


Basic  application 


Basic  data  creation  (1)  !  iFrame  offsets 


—-"Body  plan 


Step  2 


(Shell  informations)  '  (Structural  Body 

P. 

Shell  expansion 


Basic  data  creation  (2) 
(Panel  -and  3-D  processing]! 


{Panel  plan 
Section  plan 


^ Panel  key  plan 


Step  3 


Geometric 

definitions 
( » LINE ’ ) 

Graphic  processing^-) 
■  sub-r ount ine  s 
Data  base 
I/O  routines 


k- 


Sub-systems 


Basic  data 
creation 
sub-system 
Section  design 
sub- system 
Production 
engineering 
sub-system 


jSectiofi  design  &  arrangement 

(Use  of  'DESIGN1 
_ _ Statements)  i 


Step  4 


Piece  data  assortment 
and  piece  control  data 
list . 


Step  5 


Step  6 


Parts-  developments 
(Use  of  'LINE*  language) 


Piece  control 
data  list 


Parts  developmep 
data  list 


Step  7 


n 


Part  data 
admini’  stration 


Piece  dwg. 

Piece  dwg. 

(.table  formats) 


Piece  table  for 
each  -stage 
Tapes  for  N/C 
gas  cutting 
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FUNCTIONS  OF  "LINE"  STATEMENT 


1.  Objection  for  'LINE'  statements 


'LINE'  statement  is  developed  for  common  language  of  the 
geometric  expression  of  hull  form  and  structures. 

It  is  a  kind  of  problem  oriented  language  of  which  format 
is  free. 


2.  Functions  of  'LINE'  statements 

(A)  Geometric  definitions 

Geometric  expressions  such  as  point,  straight  line, 
circle,  tabcyl  and  thier  composed  line  can  be  defined 
at  any  stage. 

The  definition  method  adopts  rather  relative  expression. 

(B)  Auto-reference  function  to  standard  data 


(C)  Contouring  definition  (Web  plate  definition) 

This  gives  contouring  of  figure 

(it  is  called  as  'Motion').  Cutter  location  data  of 
plates  are  created  through  this  program. 

(D)  Opening  definition 

Man  holes,  drain  holes,  etc.  are  defined  by  this  statement 

(E)  Plate  edge  information 

Edge  preparation  for  welding  and  margin  amount  of 
material  are  indicated. 

(F)  Data  base  reference 


Easy  access  to  or  reference  to  geometry,  design  and 
data  base  is  available. 

(G)  Marking  line  definition 


For  the  definiiion  of  marking  line  only  (water  line  etc.) 


kkilrii  u/mtmfiM  Hrtnmrt  Uomiv  Inr4» icffioc  C O*  »  i.^C$ 


(H)  Stiffner  development  (Bracket,  Flat  bar,  Inverted  Angle) 
exact  shape  of  a  stiffener  takitig  account  of  plate 
thickness 

-  Precise  shape  at  its  both  end. 

-  Bevel  angle  calculation. 

-  Calculation  for  many  types  of  stiffeners (more  than 
400)  are  built  in  program. 

-  Any  new  type  of  stiffener  can  be  easily  registered. 

(I)  Face  plate  development. 

(J)  Collar  plates  and  others. 

(K)  Weight,  Area,  Marking  length  calculation. 

Example  expressions  are  shown  in  the  next  page. 


Def/nition 
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3.  An  example  of  'LINE’  descriptions 


(An  example  for  corner  part  of  transv.  section) 


T1=F60 - GEOMETRY  DB  REFERENCE 

PA1=PA-UD ,ML - PANEL  DB  REFERENCE  ^ 

P11=0UT ( SL  3UD , 1 ) - DESIGN  DB  REFERENCE 

S1=PA13P11 

S11=PR-SL3L=20003D 

LONG= SL  3  L4  0  3  L5  9  GEOMETRY 3S C ANTLING 

LONG=UD3L203L21  DB  REFERENCE 


C1=TD-S113T13-S2 

P1=CP-C1 

P2=SLOT-PC23UD-L20 
S5=PT-P2 3 PT-P1 
P3=INT(S5-C1),U 
P4=0N-C1 ,FR0M-P3  3  GL=150  aD 
P5=UD-L203TOP 

A1=P1003S113C13S2, - 

S24=PT-P4  3PT-P5 ,SCS=UD-L20 ,ECS=A1 
S21=SL-L57,  SCS=SL-L57,ECS=A1 

S25=UD-L21a  SCS-UD-L21 3  ECS=S23 


& 


•COMPLEX  SURFACE 


— 3T13MSL(SL3L403L59),T13MSC(100)3PA13  \ 

MSL(UDaL21,L21)aPAl,MBS(S5,UD3L20,P3921),ClJ 


CONTOURING 

DEFINITION 


MH(13P513150) 


-  OPENING 

DEFINITION 


S21=F , FIT=A , PD=D 3  MRK=U 3  TYP+FC1S1 , NAM=F1 5  1 

S22=B3FIT=A , PD=D3MRK=U , TYP=BC1S1S1 ,NAM=Bl6 J  PARTS  EXPANSION 


END  OF  PART  PROGRAM 
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COMPOSITION  OF  AVAILABLE  HARDWARES  AND  SUBSYSTEMS. 

Required  hardwares  and  subsystems  for  smooth  operations  of 
this  system  are  as  follows. 

!•  Available  hardwares  for  this  system 

Facility  of  host  computer  should  be  determined  taking  any 
other  system1 s  applications  into  consideration. 
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REF.  no. 


Z/ e  //ry  pAyXf 

**  J  J  J  ***** 


*****  LINE  DEFINITION  SECTION. I. 
***** 


input.no  definition 


***** 

02/06/78  ***** 

***** 


A  _  _  t  f«  .4-1.  . 


TITLE.. 

0001 


.T2715SL37 
C009 
SO  1 4 


L32  23 

C009  »  IN  1C  0n9*  R2 ) 
SO 1 4  *  1NIS014.IU) 
C010  *  I M (C010 1 R? I 

5005  *  I N(S 005 ,  Kt  ) 
C003  .*  INICC03.R1) 

5006  *  INIS0O6,Rl) 


0007 

SOI  3 

*  1NIS013.R2) 

0098 

C004 

>  IN (C004 ,R1 ) 

0009 

LONG 

=  SL  , 

F23  , 

L?5 

,L31B 

0010 

LONG 

a  EF02 , 

F23  , 

L6 

t  LlO 

031)  ... 

.  _ T0I1 

=  F23 

0012 

PA  11 

t=  FF02 

0013 

S506 

=  PT-PI 

7579.9, 

10849.9)  , 

PT-PI 

6579.2, 

10096.0) 

0314 

S509 

»  PT-PI 

4555.9, 

9081.2), 

PT-PI 

5130.9, 

9081.2) 

0015 

S512 

=  PT-PI 

5476.7, 

4500.0), 

PT-PI 

4023.0, 

5038.8) 

0016 

P150  = 

INHSS09 

-5005 1 

0317 _ 

P15T 

»IN{  SO 06 

,C034,R1 1 

.  .  . 

_ 

.... 

SOU  aSL-L30D,FCS=S049,SCS-SL  -L300 
S022  aSL-L30,ECSai»300»SCS=SL  -L30 
$923  =SL-L3OA,ECS=S044,SCS*SL  -L30A  • 
P300aINTlS22-C3) ,0 

S024  =SL-L30bi  tCS=SP50,SCS=SL  -L30G 

_ S025  *SL-L31,ECS=S026,SCS*SL  -L31 _ 

S030  *EF02-L 10 ,FC5*5027»$C$*EF02— L10 
S039  =SL-L30B,ECS=A11,SCS*SL  -L303 
S04 1  *SL-L29,ECSeAll,SCS=SL  -L29 

S044=PR~$ 1CL) ,L*5100,0,$CS«S039.ECS=S022  _ 

S046  =SL-L30E, ECS=S009, SCS«SL  -L306 

. . S04«>a|>R-S{CL),L-510?,0,SCS*S054,ECS*S039 _ 

S050  *=FF02-L8,L«0,0,SCS*S055  ,ECS~S102 

S021=IN(S014,R2,P>  . .  . 

C022=1NIC010,R2,P> 

S010*lNIS005,tU,P)  .  _ _  _  * 

S017*|NtSOlZ,R2,P) 

_ P030=SLOT-£C?|  1)  tEFOZrl-? _ 

PA02*E  F02 

„  S003*EF02-L8,L*0,0  . .  _  _ 

C020=INIC009,R?,PI 

P504  »  5731.0,  10334.9  _ 

P505  *  3194.2,  3039.7 

_ p023=INTISC**_rSC39  ) _ _  _ 

S009  ap(T-SC2i,L*15,0,SCS-S100  ,ECS-S011 

P025*INT!S009  -SOU  I 
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. 1.  General  asree-f: 


SHETjT. 


1-1  Purpose  of  the  development  of  SHELL  system . 

This  system  constitutes  an  integrated,  computerised 
data  processing  system  that  provides  various  highly 

gn  T  n  rrg  TO  o  a  t  A*rmo  4*«?  c?  «  VI 

—  —  ^-**-*»  w^***%—  u  w  *=--»  ?  .  . 

*the~process  in  production"  of  ciirved  shell  blocks  from  the  ' 
shell  expansion  in  design  section  or  mould  loft  .to  the 
block  assembly  in  shop, '  '***:• 
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calculation  of  the  curved  shell  blocks,  etc.,  are  also 
carried  out  by  numerical  calculation  by  the  medium  of  an 
offsets  data  bank  (  as  original  data  file  )  and  they  were 
improving  and  brushing  up  passing  through  a  lot  of  trials 
and  errors 'based  on  the  fed  back  data  from  the  production 
field.  However,  the  system  was  merely  constituted 

single-purpose  programs  being  concerned  to  the  .Jobs  in*  *. 
mould  loft!  .  • 

Purpose  of  the  new  development  of  SHELL  system 
is  to  obtain  the  most  optimum  informations  to  meet  the  % 
needs  in  the  respestive  process  in  production. /. -.Eor  the 
purpose  of'r it;' -a*  certain  number  of  standardised  production 
technologies.and  application  know-hows  are  stored  in  the 
system  ana  the  planners ’are  able  to  put  their  option  into 
the  system,  by  means .  of  .inputs  according  _to  the  situation.  • 
"of "the  shop.”  '  *  "The  standardisation  of  production  tech-** 

nologies  and  -analysis .of  application  kncw-hov/s  in  SHELL 

*  *  •  i  ,  • 

system  "have 'been  established  by  mobilising  of  the  engineer-? 
..  ing. power.. in  IHI’.s.  five,  shipyards. 

The  said  standardisation  and  analysis  are  the  another - 
significant  fruit  _of_the_ new.  development  of  SHELL  system!  ” 
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1-2  .Characteristics  of  -SHELL  system 

designing  policy  of*  SHELL  svsten 

The  following  considerations  were  put  into 

1)  Lines  on  the  optional  cut  plane  at  designer's 
direction  to  be  used  for  the  calculations,  in 

the  system. 

2)  Lines  data  to  be-stored  in  the  bank  by  a  certain 
concurrence  of  points  on  the  respective  line  which 
is  approximated  by  straight  lines. 

3)  A  common  offsets  data  bank  to  be  installed  in  the 

system,  to  which  required  data  to  be  shifted  from 
the  respective  data  base  in  each  subsystem  passing 

through  a  certain  conversion  program. 

4)  The  templetes  to  check  the  curveture  of  shell 

plates  are  to  be  designed  standing  at  right  angle 
against  the  mean  level  of  the  curved  plate  when 
it  is  on  the  bending  slab. 

5)  Figure  of  a  expanded  shell  plate  to  be  calculated 
as  a  part  of  the  ship's  surface  including  surounded 

6)  Geodestic  line  method  and  rolling  method  to  de 
adopted  in  the  system  as  the  developing  logics 
for  shell  expansion. 

7  )  A  corrective  routine  ^o  pe  installed  in  the  system 
to  modify  the  shape  of  expanded  shell  plate  after 

running 

1-2-2  CHaractari'st'ics'  "of  SHELL'  system 

.  *  ■  ^  ... 

1)  SEELL  system  is  a  composite  system  for  the  geometri 
calculation  and  data  processing  system  relevant 
to  the  production  of  curved  shell  blocks  in  ship 
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follows : 


2)  The  calculating  logics  are  of  simple  and  higher 
level  of  accuracies  are  uniformally  displayed  in 

the  outputs  by  the  system,  since  the  lines  in  the 
offsets  bank  are  dram  by  the  concurrences  0p 
points  approximated  by  a  certain  supplementary 
straight  lines. 

b)  The  higher  accurated  shell  expansions  are  achieved 
easily  by  this  system ,  since  the  optional  cut  plane 
method  is  fully  adopted  for  the  expansions. 


(  Refer  to  Fig.l  ) 

c)  Unified  accuracy  on  the  peripheral  parts  of  an. 

expanded  shell  plate  is  ensured,  since  the  desired 
plate  is  cut  out  of  a  larger  expanded  plan  includ¬ 
ing  the  surounded  area  of  the  plate. 

d)  The  geometrical  formal  check  of  the  curved  plate 

by  the  templetes  becomes  easier  to  ensure  the 
accuracy,  since  the  templetes  are  set  up  at  the 
right  angle  against  the  mean  level  of  the  curved 
plate.  (  Refer  to  Fig.  2  &  3  ) 

4)  A  remarkable  improvement  on  the  workability  and 

accuracy  in  the  assembly  stage  can  be  expected,  synce 
the  various  working  practices  in  the  Shop  are  taking 
into  considered  from  the  first  step  of  the  system 
running,  as  follows: 

2)  SINGLE  PANEL  ASSMBLY  system  is  available. 


Heifer  to  Pig.  4  &  5  ) 


ft 

tt 
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b)  Since  the  intersections  of  datum  planes  in  the 
supporting  jig  lines  and  shell  plates  are  marked 

on  each  shell  plate  and,  in  addition,  the  datum 
planes  are  orthogonal  to  the  platform  surface, 
the  accuracy  of  angles  between  contiguous  seam 
and  butt  can  be  maintained  easily. 

(  Refer  Fig.  6  &  7  ) 

c)  Instructions  can  be  given  in  connection  with  the 
position  for  plate  setting3 position  of  stopper 
and  the  height  of  additional  supporting  jigs,  if 
reguired. 

d)  Data  for  accuracy  control  relating  to-  the  dimension 
of  black,  diagonal  dimension,  date  of  curveture 

on  seam  and  butt,  etc.,  are  output  by  the  system. 

e)  The  availability  of  automatic  welding  on  the 
block  can  be  checked  by  the  system,  if  required. 

5)  Easy  to  maintenance  of  the  system. 

The  partial  revision  of  the  system,  rather  easy , 
since  the  system  of  workinig  with  modules  is  adopted 
and  the  logical  constitution  of  the  system  is  simpler. 

6)  Easy  to  replacement  0f  data  in  the  data  files.' 

Since  the  system  has  2  main  offsets  data  bank  and 

peripheral  data  files  separatory,  replacement  of  data 

can  be  made  indipendently  when  it  becomes  necessary. - 

7)  Easy  to  manual  correction  of  the  outputs. 

Partial  manual  c  orrection  for  the  output  of  shell 

expansions  available  in  accordance  with  the  change- 

ment  of  working  process  and/or  expansion  method. 

8)  Easy  recording  of  fed  back  data. 

Quantative  data  such  as  distortion  Caused  by  locked- 
in  stress  due  to  press  or  heating,  j_n  particular, 
can  be  fed  into  the  system  from-time  to  time  and 
recorded  them-as  reference  data  for  system. 
improvement  in-future. 
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Pig.  1  ONE  EXAMPLE  OF  OPTIONAL  CUT  PLANE  PROCESS 


Note  1  . 

When  the  setting  angle  of  the 
templetes  against  the  mean  level 
of  the  curved  plate  are  far  from 
right  angle,  the  errors  of  sett¬ 
ing  angle  become  a  source  of  big 
ga- error  of  sight  line  to  the 
check.  In  the  other  words,  the 
accuracy  of  longitudinal  curve- 


ture  shall  be  debased  by  the 

orrora  of ,  the  oetijing  angles.  '■ 
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Pig*  3  ARRANOEMENT  Oft  TEMPLET ES  BY  11  SHELL  »  SYSTEM  •  : 

^  j  Woto  3» 


i  I 

t  ’ 


tfhe  errors  in  the  setting  . 
angle  of  templates  have  few 
effects  for  the  accuracy  of  ' 
the  longitudinal  curvatures  1 
of  the  plate* 


Note  3.  Template  for  the  final  chock- 


pight  line 


/  Note  3 . 


yon  STHSL13  PANEL 

Longitudinal 53  aro  nubasgemblcd  on  each 
curved  plate  .before  panel  assembly. 


5*4 - &JLSJL — — ,^4f - yJ£e±^y. _ y< 


Height  of  jigs  aro  adjusted  automatically 
according  to  the  input  by  paper  tape. 
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1-  The .  datum  planes  of  the  transverse  and  longitudinal 
supporting  jig  lines  are  mutually  orthogonal  and 
also  are  orthogonal  to  the  platform  plane, 

2.  The  inter  section  of  the  datum  planes  and  shell  plates 
are  the  datum  lines  for  the  blbck  marking. 

3*  These  datum  lines  of, block  marking  are  marked  on  each 
shell  plate  in  the  fabrication  shop. 

Since  both  datum  planes  are  orthogonal  to  the  platform 
plane,  the  check  of  datum  lines  will  be  easy. 

In  addition,  these  planes  become  the  vital  medium  to 
maintain,  the  accuracy  of  block  marking.'  Accordingly, 
the  accuracy  as  well  as  the  workability  are  improved 
in  the'  field.  * -  •  -  . - 


-—3  Scone  ox  au-plication  of  SP^T.T,  svst^*n 

.  -According  to ‘the  current  •'version,  STTTT.T.  system*  is 
applicable  to  all  shell  plates  ether  than  stern  plates  and 
stem  plates.  Preparation  are  being  advanced,  however,  to 
include  even  stem  and  stem  plates  in  the  scope  of  applica¬ 
tion  of  SHELL  system  in  the  near  future, 

l)  Functional  limitations  * 

a)  SHELL  system  can  not  be  applied  to  the  processing  of 

stem  and  stem  plates,  .  -  (l) 

b)  As  for  the  plates  adjacent  to  stem  and  stem  plates, 

it  is  required  to  supplement  the  offsets  data  to 
process,  (  PAN  valet  system  )  -  (2) 


Vi— (i) 


2)  Operational  limitations 

a)  When  the  offsets  data  bank  is  not  available  to -the 
processing,  a  certain  supplemental  offsets  data  will 
be  required  by  the  manual  input. 

b)  When  the  system  is  applied  for  a  part  of  the-  ships,  ■ 

such  as  repair-*  '‘ships,,  etc.,  PAN  valet  system  will 
be  available  to  supplement  the  incomplete  offsets 
data.  ‘  : . .  -  -  -  - 

c)  The  operational:  .limitations  -.are:'also  - depending  on -.the 
function  of  the  gas  cutting^machines"  to  be  used  for„ 
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1-4  Operation  of  SHELL  system 
1-4-1  Establishment  of  the  operation  system 

SHELL  system  incorporates  a  wide  scope  of  the 
application  know-how  in  production  and  is  designed  for 
working  with  all  kinds  of  related  facility  and  production 
methods.  For  this  very  reason,  its  most  optimum 

operation  system  be  displayed  only  by  the  establish¬ 
ment  of  a  suitable  system  for  inducing  it  into  the  ship 
yards  taking  into  consideration  of  computor  or  numerical 
control  system  and  also  working  process  in  production. 

Namely,  sufficient  preliminary  deliberation  will  be 
necessary  to  coordinate  functional  aptitude  with  the 
fabrication  and  the  assembly  stage,  as  follows: 


*  Preparation  of  base  data  Functional  design 

*  Formal  geometrial  development  - Applied  design 

*  Post  processor  — Outpost  of  production  data 

To  elaborate,  2  slient  characteristics  of  SHELL  system 
lies  in  the  fact  that  system  demands  preliminary  insti- 
tuition  of  a  comprehensive  production  process  engineering 
prior  to  its  application. 

1-4-2  Type  of  the  application  system 

The  the  of  the  application  systems  may  roughly 
classified  into  the  followings: 

a)  Hand  marking  oriented  type 

b)  Electro-photo  marking  oriented  type 

c)  NC  cutting  oriented  type 

2)  Hybrid  electro-photo  marking  and  NC  cutting  oriented 


Post  processor 


e)  SINGLE  PANEL  ASSEMBLY  system-oriented  type 

SHELL  system  provides  highly  accurated  output  data 
coducing  to  excellent  workmanship  for  the  all  type 
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of  application  systems  listed  in  the  above  listed. 

1-4-3  Standardization  of  production  technologies  and  ifs 
application  know-hows 

SHELL  System  is  an  advanced  and  fruitful 
system  constructed  on  the  basis  of  the  systematic  stan¬ 
dardized  production  technologies  and  higher  leveled 
application  know-hows  in  the  each  stages  of  production, 
such  as  cutting,  bending,  assembling,  welding,  etc., 
showing  in  the  following  Figs.. 
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2  System  composition  and  Out  line  input/output  of  the  system 

2-1.  Main  computer  and  its  terminal  ecuipment 

1)  Mai  n  comput er 

a)  IBM  s/  3  7  0  -  1  3  5  /  1  5  8  are  avai  I  abl  e. 

b)  vs  1,  2  to  be  used  for  the  CS. 

c)  FORTRAN-  G  is  available  for  the  programming. 

a)  3  3  3  0  -1  ( N =1 )  to  be  used  for  t  he  disk  handling. 

2)  Ter  mi  na  I  equi  pment  s 

The  terminal  equipments  for  the  outputs  primarily 
consists  of  the  drafting  devices,  for  which  the  users 
are  free  to  select  the  desired  terminal  equipments,  which 

may  consist  of  any  Of  the  followings: 

a)  Graphi  c  display 

Avai  I  abl  e  for  shell  landing. 

b)  X-  Y  p  I  o  t  t  e  r 

Available  for  the  piece  drawing,  dimension  table  in 
piece  drawl  ng,  di  mensi  on  table  of  t  he  supporting  jigs 
in,  assembl  y  stage,  check  dr  awi  ng,  etc.. 

c )  Dr  af  t i  ng  mac  hi  ne 

Available  for  drawings,  to  which  higher  accuracy  of 

lines  will  be  required  such  as  a  certain  kinds  of 
piece  drawing,  lines  for  tempi  ete  making,  etc. 

d)  COM: 

Available  for  the  dimension  table  of  pieces,  support¬ 
ing  jigs,  etc. . . 
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ystem  Composition 

2-1  Data  base 

The  most  effective  application  of  SHELL  system 
in  the  processes  of  ship  building  field  will  primarily 
depend  on  how  well  the  original  offsets  data  file  of  the 
system  can  be  prepared  in  the  shortest  time  possible. - 
Shell  landing  to  generate  the  offsets  data  should  be 
advanced  by  the  computor  processing  wherever  possible, 
*&me  the  data  base  of  the  system  requires  the  most 
accurated  offsets  data  as  an  original  data.  However, 

when  the  computer  processing  shell  landing  is  unavailable 
for  the  preparation  of  the  data  base,  SHELL  system  so 
designed  as  to  permit  the  system  operation  even  through 
manual  preparation  of  the  offsets  data. 

1)  Kinds  of  preparation  methods 

a )  FAIRLAND 

FAIRLAND  system  (fairing  and  landing  system)  is  avail- 
.  able  for  the  preparation  of  the  offsets  data. 

b)  DACSSI/  S 

The  base  data  can  be  provided  by  the  output  from  the 
offsets  data  file  of  DACSSI/S  in  which  the  offsets 
data  are  generated  by  means  of  conversational  inputs 
with  graphic  display  and/or  input  cards. 
c)  Card  inputs  from  offsets  table 

The  base  data  are  provided  directly  by  input  cards 
in  this  system  when  it  is  required  to  process  for  the 
repaire  ships  and  so  on. 
d)  Conversion  from  the  other  systems 
The  base  data  are  provided  by  the  outputs  of  other 
systems  through  2  certain  conversion  program. 

2  )  E  d  i  t  t  i  n  g  of  base  data 
a)Editting  method. 

Editting  on  the  sequential  file  in  80  columns  card 

format 

Ishikcwcjima-  Harima  Heavy  Industries  Co.,  Ltd 


I  21  J 


h)  Access 

SAM  system  is  adopted  to  the  access, 
c)  Data  format  .  *’ 

2C - ,  Y - ,  Z - ,  pen,  element,  structural  points, 

nature  of  points, 
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"\^Step 

Iterr^\ 


Base  data 
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Table  1. •  STEPS  INVOLVED  '  IN  SHELL  SYSTEM 


Expansion 


Optional 
cut  plane 


Calc ulat ions 
of  Ass  *  data 


Shape 

formation 


Post 

processor 


^Station  offset 
•  j  ^Landing  data 

Input  1  "Wiowatic 
r  points  data 

•  :  ^Fabrication  ! 

!  :  data  (bevel, ' 

!  extension, etc) 


i  '♦Fairing  &  * 

|  j  •  :  i  landing 

Data,  j  '‘Storing  of  .;1:.*, 
j process  idiosyncratic 
!  j  :  j  points  data!  & 

1  i  I  fabricat  'n.  .data 


* Block  name 
♦♦Option  for  cut 
piano 


♦♦Method  of  ,  *Type  of  suppor- 
•  shell  expansion  ting  jig3 


♦♦Preparation  of 
concurrence  of 
points  • 

♦♦Preparation  of 
ddta  file  on 
the  cut  plane 


KEaso  data  file 


♦♦Calculation  of  ^Height  of  supp- 
shell : expansion  orting  jigs 
♦♦Calculation  of  ♦‘Dimension  plan 
lines  for  bond*  for  block  mark* 


tempi 6 too  ‘  , 


♦♦Data  file  on 
the  cut  plane 


* Vector  analysis 
plan:  I 


♦♦Data  file  on 
the  cut  plane 


♦♦Correction  of  HPiece  name 
•  fabrication  .*;  ;  . 

data  '  ’ !  • 

1 

•  '  !  1  I  • 

I 


♦♦Correction  of  »NC  post  . 

shell;  expansion  processor 
♦♦Cut  out  of 

shell'  plates  .  .  •  , 


‘Base,  data  file  MConcurrence  of 

points  file 
*Data  file  on 
the  cut  plane 


♦♦Shell  expansion 
file  •  • 

♦♦Bending  temple te 
file  .  I 


Output : 

5  i  ■  ■ 

;  i 

i 

•  r  • 
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♦Body  plan 

KRough  block 

♦Offsets  table 

arrangement. 

♦Check  draT/ing 

'♦Body  plan  by 

of  data,  base  , 

i  ♦  '  , 

optional  cut  ?* 
plane  : 

♦♦Dimension  plan 
of  support,  jig 
♦♦Block  mark,  plan 
♦♦Seotiohal  plari:* 
of  support,  jig 
♦♦Assembly  plan 


♦♦Shell  expansion  ^Nesting  data 
data  file!  file 

♦♦Fabrication  :  .  :  . 

data • file  ■ 


♦♦Nesting  data 
file  , 


♦♦Piece  drawing.  *NC  tape 
♦♦Dimension  plan 
of  piece 

#DIiies?  for: temp-, 
let es" making 


2-3  Input/Output  system 
2-3-1  Input  data 

The  input  data  system  in  SHEEL  is  so  designed 
as  to  conserve  the  labour  by  avoiding  deplication 

of  input  data.  Principal  items  of  inputs  are  2s 
fOllOws  : 

1)  Name  of  block  and  structure 

2)  Instructive  data  relating  to  the  fabrication  practics 

3)  Instructive  data  relating  to  the  assembly  practice. 


2-3-2  Output  aata  (  Other  thsn  NC  tape  for  marking  &  cutting 


the  check 
outputs 


1)  Check  drawing  of  the  operation 

a)  check  drawing  fo  the  data  base  (  fig#11A  ) 

b)  Check  drawing  of  body  plan  the  optional  'cut  plane 

(Fig.  1  1  B  ) 

c)  Sectional  plan  of  supporting  jigs.  (fig.  12  ) 

The  check  drawings  in  the  above  are  .  , 

^  using  the  check 

of  the  operation  conditions  of  the 

outputs  - 

are  in  option  controled  by  the  inputs, 

2)  Output  of  shell  expansion 

a)  Dimention  plan  of  shell  plate 

Shell  plate  marking  can  be  made  directly  by  this 
output  without  any  full  scale  marking  tape  the  the 
manual  marking.  (  pig.  13  ) 

b)  Expanded  plan  of  shell  plate 

negatives  for  the  electrophoto  marking  are  output 
by  the'  system  by  means  of  drafting  machine  as  the 
expanded  plan  of  shell  plate,  (Fig,  14) 

Note:  Outputs  of  the  dimension  table  for  the  preparation 
of  full  scale  marking  tapes  are  also  provided  by 
this  system,  if  reguired. 
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3)  Output  of  templete  for  bending 

a)  Lines  for  templetes  marking 

The  most  optimum  position  determined  by  a  given 
logic  as  well  as  the  shape  (lines)  of  templetes 
at  2  designated  position  are  prepared  by  means 
of  lines  drawn  by  draftor.  (Fig. 15) 

b)  Dimension  table  for  universal  templete 

When  a  certain  type  of  universal  templete  are 
available  in  the  shop,  suitable  dimension  table 
can  be  provided  by  the  system  to  set  the  figure 
of  the  templete.  (  Table  2  ) 

4)  output  data  for  supporting  jigs  in  assembly 

The  output  mode  of  Sheel  system  is  diversified  into 
various  modes  owing  to  the  inclusion  of  data  relat 
ing  to  the  type  of  supporting  jigs  as  well  as  the 
data  relating  to  the  methods  of  block  marking. 

The  users  can  therefore, ' select  any  desirable 
output  met  to  the  working  practices  to  be  done. 

a)  Dimension  plan. for  block  supporting  jigs. 

*  For  fixed  position  jigs  *  (  fig.  16  ) 

*  For  seam  line  jigs  (  fig.  17  ) 

*  For  frame  line  jigs  (Fig. 18) 

*  For  SINGLE  system  jigs  (  fig. 19) 

*  For  solid  tape  jigs 

While  the  five  kinds  of  dimension  plans,  listed  above, 

are  available,  they  can  be  used  also  in  combinatinon, 
if  necessary. 

b)  Sectional  plan  of  jig  lines  (Fig. 20) 

Sectional  plan  of  jig  lines  can  be  drafted  t  0 

indicate  the  curvetures  at  the  transverse  or  longi-- ' 
tudinal  section  of  jig  lines  including  the  ends 
height  of  the  block  at  the  cross  points  of  jig  line 
and  seam  or  butt  line  of  the  block,  if  required. 
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5)  Dimension  table  for  block  marking 

The  dimension  table  forthe  block  marking  is  printed 
out  by  the  system  and  full  scale  marking  tape  can  be 
made  from  the  output  in  mould  loft.  jn  the 

dimension  table,  length  and  with  of  the  block  are 
shown  on  the  frame  lines  either  of  ordinally  and 
optional  cut  plane. 

Block  marking  is  made  using-the  transverse  and  long¬ 
itudinal  datum  lines  on  the  block.  Since  those 
datum  lines  are  marked  on  the  each  shell  plate  of  the 
block  in  beforehand,  easier  working  procedures  will 
be  expected  to  maintain  the  accuracy,  so  far  as  the 
previous  stages  are  keeping  their  accuracy  in  the 
t orelance . 

6)  Check  data  for  the  automatic  welding 

The  maximum  slope  of  the  seam  lines  against  ground 
level  are  output  in  the  vectoral  indication  to  check 
the  availability  of  automatic  welding  on  the  block. 

7)  Accuracy  control  data 

a)  Geometrical  check  of  block 

Dimension  plan  is  provided  for  the  accuracy  control 
of  geometrical  form  of  the  block. 

b)  Positionning  of  materials 

Data  relating  to  the  size  of  shell  plate  and 
location  of  the  positionning  jig  for  the  shell  plate 
are  indicated  in  the  dimension  table  of  supporting  , 
jigs.  These  data  will  be  available  to  secure 

the  right  position  of  Shell  plate  on  the  platform 
and  it  ensure  the  geometrical  form  of  block. 

c)  Datum  planes 

The  datum  planes  for  the  block  marking  areorthonal-^ 
ly  mutually  and  also  to  the  platform  plane. 

It  means  that  working  condition  is  better  for  the 
ensuring  of  block  accuracy. 

■  ■  hi 
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(  Cut  plane  frame  base  ) 
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Development  of  LODACS,  a  Ship  Frame  Data 

Processing  System 


By: 

Sumio  Kohtake  and  Hidehiko  Matsubara 
Ishikawajima-Harima  Heavry  Industries  Co.,  Ltd. 


Almost  all  of  the  previous  ship  framing  computer  programs  which  have  been  developed  and  utilized  individually 
at  each  IHI  shipyard  not' only  contained  several  weak  points  such  as  troublesome  operation,  difficult  expression 
of  output  showing  graphical  images  by  a  line  printer,  and  insufficient  functions  for  data  processing,  but  also  could 
not  keep  pace  with  the  recent  progress  in  the  Numerical  Control  Machines  such  as  steel  marking,  flame  cutting 

H*9trfil9 re  am f  TV*  /*/*««  itrrfb  f !•  /»*•<*  <*tV<H f*«f PfaMaao  i>*>  J 

“•*“  ’*/ w’  “•** */«**»«*i»^  ^  V  v  rriw*  lUMb  bu  i/jr  4/lC  i/XC  JULJl  iUUULttl 

procedures  and  rationalizing  graphical  output  by  the  dot-printer,  X-Y  plotter  and  COM,  we  have  developed  a  newly 
integrated  system  called  LODACS  (LOngitudinal  frame  Developing  And  Conducting  System),  a  system  applicable 
to  all  shipbuilding  facilities  and  equipment  of  our  shipyards.  LODACS,  a  ship  frame  data  processing  system,  is  now 
contributing  to  the  improvement  of  quality  and  accuracy  of  framing  parts  and  to  the  saving  of  manpower  in  the 
design  and  the  fabrication  stages.  This  paper  provides  an  outline  of  LODACS  with  actual  examples  of  its  outputs. 


1,  Introduction 

Computerization  in  the  field  of  mold  loft  work  for 
shipbuilding  was  initiated  in  the  area  of  curved  shell 
plate  expansion  calculation.  The  storing  of  the  hull  offset 
data  into  the  computer  file  as  an  input  in  such  calculations 
contributed  much  to  the  subsequent  speedy  acceleration 
of  the  development  of  the  hull  iofting  system  and 
promoted  the  establishment  of  a  comprehensive  funda¬ 
mental  system  that  became  an  integral  part  of  the  hull 
design  system.  What  is  more,  the  establishment  of  this 
hull  offset  file  has  had  the  effect  of  establishing  the 
method  of  the  longitudinal  frame  development  as  the 
next  phase  of  computerization.  Nine  years  have  elapsed 
since  this  system  was  first  developed,  and  seven  years 
have  passed  since  the  techniques  were  universally  adopted 
by  our  shipyards.  Tne  tremendous  effects  in  the  areas 
of  work  speed-up  and  labor  saving  that  have  resulted 
from  the  replacement  of  the  conventional  manual  lofting 
system  by  the  computer-aided  lofting  system  can  hardly 
be  overstressed. 

Following  the  development  of  the  above  method,  a 
twisting  mold  program  for  longitudinal  members  was 
developed  as 'an  associated  technique  with  the  primary 
system,  and  its  extended  application  to  the  internal 
members  including  end-bracket  development  was  attempted 
as  the  component  module  of  the  integrated  hull  design 
system  which,  in  fact,  has  been  partly  implemented. 


These,  however,  involved  the  following  problems:  . 

1.  There  was  a  lack  of  mutuality  among  the  programs, 
due  to  ..differences  in  the  time'  of  development,  and 
operational  difficulties  were  observed  in  the  manage¬ 
ment  of  the  files  and  program  maintenance  with  their 
inherent  complexities.  Such  is  considered  attributable 
to  the  difference  in  their  development  stages.  Further, 
in  the  case  of  the  component  module  of  the  integrated 
system,  the  partial  system  operation  independent  from 
the  entire  system  was  not  readily  obtainable  due  to 
the  'system  structural  restrictions. 

2.  The  part  dimension  plans  of  the  longitudinal  frames 
which  are  -the  main  product  of  the  system  were 
produced  in  the  form  of  the  line  printer  output,  thus 
the  statements  had  to  be  expressed  only  with  the 
code  and  symbols  limited  by  alpha  numeric.  As  a 
result,  special  knowledge  was  required  to  read  off 
the  statements  —  one  of  the  causes  that  lead  to 
erroneous  productiona!  operation. 

In  the  meantime,  development  in  the  area  of  NC 
cutters,  NC  marking  devices  and  NC  frame  benders  was 
aggressively  advanced  in  association  with  the  application 
and  implementation  of  the  main  system.  To  keep  up 
with  the  development- in  such  NC  techniques,  a  basic 
integrated  system  has  become  necessary.  The  above  is 
the  background  that  lies  behind  the  development  of  the 
LODACS  (LOngitudinal  frame  Development  And  Conduct¬ 
ing  System).  In  accordance  with  the  changing  demands 
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Fig.  1  Example  of  Frame-end  Having  Data 
Common  to  the  End-bracket 

at  present  for  ship  forms  ranging  from  tankers  to  cargo 
boats,  efforts  are  being  made  to  incorporate  the  transverse 
frame  development  program,  and  practical  fields  of  appli¬ 
cation  of  this  system  have  been  widened  regardless  of 
the  limits  implied  by  the  original  naming  of  the  system. 

2.  Development  ’ 

in  the  system  development,  emphasis  was  placed  on 
the  following  points: 

L  The  system  should  be  capable  of  processing  normal 
curveless  frames,  those  to  be  fitted  to  the  shell  plates, 
and  also  frame-end  brackets. 

2.  The  part  dimension  plans  should  be  output  in  the 
form  of  X-Y  plotter,  dot  printer  and  COM  (Computer 
Output  Microfilm),  and  be  visualized  from  the  dimen¬ 
sion  tables  into  dimension  plans.  No  special  knowledge 
or  experience  is  required  for  reading  off  the  information. 
English  letter  or  code  are  used  2S  they  provide  better 
access  to  external  users  including  overseas  users. 

3.  To  allow  simple  operation,  each  program  should 
be  well  systematized  and  unified. 

4.  The  output  required  for  common  manual  marking 
should  be  obtained  2s  basic  information,  and  it  should 
be  designed  in  such  a  way  that  the  control  information 
can  be  provided  to  all  the  NC  devices  through  the 
postprocessors. 

The  features  of  this  system  thus  developed  provide 
for  easy  access  to  the  part  dimension  plan,  and  out¬ 
standing.  flexibility  allowing  applications  of  the  system 
in  any  type  of  shipyard  production  facilities.  Fairly  long 
time  was  required  before  determining  the  suitable  specifi¬ 
cation  of  a  part  dimension  plan;  extensive  process 
standardization  was  developed  by  analyzing  the  marking 
procedure.  A  system  development  should  always  be  based 
on  the  end  user’s  requirements;  and  it  is  important  that 
the  user  should  not  compromise  his  needs,  reasoning 
that  the  system  producer  is  limited  by  restrictions  in 
computer  hardware  composition  or  complications  in  pro¬ 
graming.  The  hull-shop  production  facilities  of  our  five 
shipyards  are- varied  in  .operation  systems, -ranging  ■  from 
the  all  NC  system  to  the  all  manual  system;  the  flexibility 
of  this  sysiem  has  been  realized  through  its  application 
to  all  the  facilities.  This  system  uses  the  IBM  model 
370/135  158  computers  at  present.  The  program 

language  employed  is  principally  FORTRAN,  and 
ASSEMBLER  is  partly  used. 


v  1 
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Fig.  2  System  Application  Range 


3.  Function  : 

This  system  is  designed  to  deal  mainly  with  the 
development  processing  of  the  hull  panel  stiffener  such 
as  the  transverse  frames,  longitudinal  frames  and  their 
end-brackets  with  the  added  function  of  a  variety  of 
associated  application  programs.  (Hereinafter  the  transverse 
frame  and  longitudinal  frame  are  simply  called  frames; 
the  frame-end  brackets  are  simply  called  end-members.) 
The  added  capability  to  handle  the  end-members  .was 
provided  mainly  because  these  members  are  always 
connected  to  the  frames,  and  they  nave  elements  determin¬ 
ing  the  cutout  shapes  of  frames  (Fig.  1).  Also,  it  not 
only  enables  the  system  to  simultaneously  Drocess  the 

•  -  4 

data  common  to  the  frames  and  end-members  by  a  single 
input  operation  but  also  provides  ability  to  process  the 
frame  or  end-member  alone  independently. 

The  scope  of  application  of  this  system  coven  the 
frames  and  end-members  to  be  fitted  to  the  side  shell, 
upper  deck,  longitudinal  bulk-heads,  and  various  flat 
decks  except  for  those  highly  complicated  parts  at  the 
end  of  the  bow  and  stem  (Fig.  2).  As  shipbuilding 
materials,  not  only  the  angles  and  built-up  sections,  but 
also  slabs  and  bulb  angles  are  taken  into  consideration. 

4.  Setting  Up 

As  shown  in  Fig.  3,  the  development  program  is 
implemented  by  producing  the  input  data  from  the  hull 
design,  and  taking  the  offset  information  from  the  hull 
base -data  file.  The  results  of  such  a  development  operation 
will  then  be  put  into  the  storage  of  the  dimension  dat2 
file  in  the  case  of  the  frames  and  standard  type  end- 
members,  and  those  off-standard  end-members  will  be 
stored  in  the  cutter  location  data  file.  Subsequent  system 
flow  will  be  processed  into  the  output  program  groups 
adaptable  to  the  production  facilities  being  set  up  in 
the  shipyard  under  consideration. 

4.1  Setting  Up  of  System 

4.1.1  Development  Program 

The  development  program  is  the  vital  part  of  the 
system  and  handles  the  development  processing  of  the 
frames  and  end-members  as  mentioned  above".  To  simplify 
the  input  data  as  much  as  possible,  the  system  was 
elaborated  to  yield  the  following  functions: 
i.  According  to  the  kind  of  section  type,  dimmension, 
and  bending  direction  (i.e.,  outward  bending  or  inward 
bending),  different  bending  neutral  axis  is  calculated 
automatically'*'. 
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2.  Inclined  fitting  angles  of  frames,  their  beveling  of 
edge  preparation,  and  marking  surface  arc  determined 
automatically. 

3.  Shapes  of  frames  in  detail  (cut-off  dimension  (a), 
cutout  dimension  (b).  scallop  (r)  and  bevel  angles  to 
be  profiled  (  0,)$tc.)  are  decided  automatically 
(Fig.  4). 

In  addition  to  the  above,  automatic  generation  of 
the  data  for  the  secondary  members  such  as  face  plates 
and  flat  bars  is  mad:  possible;  the  computing  function 
of  weight,  cutting  length,  and  center  of  gravity  are  also 
provided,  and  their  results  are  put  into  the  storage  of 
the  file.  The  frame  bending  lines  (Fig.  5)  to  be  made 
straight  after  the  bending  process  are  computed  to  a 
maximum  of  three  lines  on  judging  the  scantlings  of 
frames  and  their  bending  requirements. 

4.1.2  File  H  andling  program 

The  programs  that  control  the  dimension  data  File 
are: 

1.  The  initializing  program  that  is  set  when  the  system 
operation  is  initiated. 

2.  ship  to  ship  data  file  transfer  program  to  be  used 
partially  or  entirely  for  a  sister  ship  or  a  ship  of 
similar  construction  and-  dimensions. 

3.  Corrective  or  cancellative  program  to  be  used  for 
partial  modification  when  the  design  is  to  be  changed 
in  part. 

All  of  the  above  help  to  facilitate  system  operations. 

4.1.3  Production  Control  Data  printing  Our  program 

To  grasp  and  verify  the  contents  of  the  dimension 
data  file,  and  check  adequacy  of  material  size  for  a 
purchase  order  and  fabrication  work  scheme  this  program 
prints  out  the  parts  data  such  as  the  block  name,  code, 
length,  scantling  and  weight. 

4.1.4  Part  Dimension  Plan  Drawing  Program 

A  part  dimension  plan  is  drawn  by  the  X-Y  plotter 
(Fig.  6),  dot  printer  (Fig.  7),  or  by  COM  with  the 
required  output  from  the  dimension  data  file  for  the 
manual  marking  and  built-up  guidance  plans.  In  this 
process,  data  are  not  only  assorted  according  to  groups 
of  classified  materials  such  as  slabs,  angles  and  built-ups 
or  bend  pieces  and  straight  pieces  but  also  assorted  based 
on  the  fabrication  lines,  scantlings  and  the  order  -of 
lengths  to  suit  the  intended  purposes. 

All  the  shapes  are  unified  in  figures  and/or  terms 
of  actual  images  and  the  title  code  and  the  like  are 
stated  in  English  in  consideration  of  possible  license 
agreement  with  shipyards  in  foreign  nations  (Fig.  8  - 

Fig.  11). 

N  amely: 

PART  CODE  Code  of  parts 

-  SCATLING  Sectional  dimensions 
SHOWN  Surface  shown  on  the  plan 

s  .  PRM  Preliminary  surface  treatment  & 

Shop  prima  painting 
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Fig.  4  Example  of  Fram-end  Decided  Decided 
Automatically 


Fig.  5  Frame  Bending  Fine  Straightened  after 
Bending. 


Fig.  6  Drawing  View  of  Pan  Dimension  Plan  by 
the  X-Y  Plotter 


Fig.  7  Drawing  View  of  Part  Dimension  Plan,  by 
the  Dot  Printer 
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BEND  Bending  method 

TWIST  Twisting  in  fabrication  shop  1.  Marking  length  is  shown  on  the  &  basis  of  the 

fbese  represent  oniy  2  few  examples.  To  facilitate  cumulative  dimensions,  and  in  particular  the  end  Cut  out 

aial  marking,  due  considerations  were  taken  on  the  sequence  is  made  identical  to  those  in  manual  marking 

owing  points:  procedure. 


Fig.  8  Part  Dimension  Plan  of  Curved  Built-up  Frame  (by  COM] 


Fig.  9  Part  Dimension  Plan  of  Curved  Angle  Frame  (by  Plotter) 
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Fig.  10  Part  Dimension  Plan  of  Straight  Built-up  Frame  (by  Plotter) 


Part  Dimension  Plan  of  Face  Plat: 
of  Built-up  Frame  (by  Plotter) 


2.  Drawing  is  made  with  the  same  side  view  as  marking 
i  s . 

3.  End  shapes  and  bending  line  curves  are  expressed 
in  a  somewhat  exaggemted  manner  to  improve  presen¬ 
tation  of  images. 

The  pail  dimension  plan  (Fig.  12)  of  the  curve  cutout 
frame  differs  from  that  in  the  ordinary  bending  process 


effected  by  referring  to  the  frame  bending  the  in  that 
an  analogous  pattern  requiring  no  bending  process  car 

be  restored  by  marking  through  the  dimensional  con 
from  one  base  line.  In  the  case  of  the  standard  brackers 
the  program  also  provides  the  dimension  output  aSSum 
possible  requirements  for  the  marking  with  a  given 
of  dimensions  or  full-scale  template  conversion. 
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Fig.  12  Parr  Dimension  Plan  of  Cut-out  Frame  [by  Dot-printer) 


4.1.5  Po  si  processor  for  Numercally  Controlled  Frame 

curring  and  Marking 

This  program  outputs  NC  tape,  by  which  the  cutting 
of  drain  holes  on  the  frame  and  frame-ends,  the  marking 
of  the  frame  bending  line  and  other  necessary  lines  are 
conducted  by  the  NC  frame  cutter  (Fig.  13).  It  also 
carries  out  parts  nesting  automatically  with  the  given 
information  from  the  dimension  data  file  as  required; 
output  in  the  form  of  magnetic  tape  or  punched  tape 
is  provided.  This  punched  tape  will  then  be  fed  into 
the  drafter  capable  of  checking  the  contents  of  the 
information  to  draw  a  plan  in  a  1/20  scale  which  will 
further  be  supplied  to  an  operator  of  the  NC  cutter  as 
a  guidance  plan  (Fig.  14). 

4.1.6  Posrprocessor  for  Frame  NC  Bender 

This  is  a  postprocessing  program  that  acts  to  subject 
the  cut  frames  to  the  automatic  bending  process  by 
the  NC  frame  bender  (Fig.  15).  The  data  necessary  for 
frame  bending  is  obtained  from  the  dimension  data  file 
to  determine  the  distance  between  the  points  of  press 
action  in  accordance  with  the  bending  requirements,  and 
the  computed  magnitude  of  bending  action  will  be  output 
to  magnetic  tape  as  the  control  numerical  data  in  terms 
of  angular  quantity. 

4.1.7  Production  Program  of  Twisting  Mord 

When  twisting  of  the  frame  is  judged  necessary  by 
the  design  criteria,  the  essential  data  arc  obtained  from 
the  hull  base  data  file  in  accordance  with  the  name  of 


longitudinals,  and  designations  specifying  the  range.  In 
the  case  of  manual  Operation,  necessary  information 
should  be  obtained  from  the  ship’s  body  plan.  Thus 
the  twisting  mold  is  made  so  as  to  be  set  on  the  transverse 


Co) 


Fig.  13  Frame  Fabrication  by  the  NC  Frame  Cutter 
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Fig.  14  Operator  Guidance  Plan  for  Frame  NC  Cutting 


frame  lines;  further,  it  involves  a  certain  degree  of  angle 
to  the  web  surface  of  the  longitudinal.  This  program 
provides  the  output  of  twisting  mold  at  a  right  angle 
to  the  shell  line  and  web  surface.  With  the  processing 
of  this  program,  not  only  can  the  marking  of  transverse 
frame  lines  be  omitted  but  also  the  twisting  operation 
itself  has  improved  significantly  (Fig.  1 6). 

4.1.8  Data  Conversion  Program 

When  the  standard  brackets,  cutout  frames  and  face 
plates  being  stored  in  the  dimension  data  file  are  to 
be  drawn  as  output  in  the  form  of  EPM  film  or  full-scale 
contour  templates,  the  dimensional  data  can  be  expressed 
as  cutter  location  data  which  are  stored  in  the  cutter 
location  dat2  file. 

4.1.9  1/10  Scale  Part  Plan  Drawing  Program.  r 

This  program  outputs  magnetic  tape  for  drawing  by 
designating  the  block  name  or  the  part  code  from  the 
cutter  location  data  file.  This  magnetic  tape  will  then 
be  used  to  draw  a  1/10  scale  part  plan  film  (Fig.  17) 
by  the  drafter.  This  part  plan  is  used  for  multiple 
purposes  such  as  EPM,  film  for  projector  marking,  and 
parts  nesting  for  NC  marking  or  NC  cutting. 

4.1.10  Postprocessor  for  NC  Curling 

The  parts  nesting  produced  by  the  above  part  plans 
will  be  channelled  through  this  postprocessor  to  output 
data  in  the  form  of  magnetic  tape  or  punched  tape 
per  every  unit  of  steel  plates.  As  with  the  case  in  the 
postprocessor  (4.1.5)  for  frame  NC  cutting  and  marking, 
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such  tape  will  be  supplied  to  the  work  site  together 
with  the  operator  guidance  plan  drawn  by  the  drafter.  In 
other  words,  this  program  can  follow  up  either  the  NC 
cutter  or  NC  marking  device  (Fig.  18). 

4.2  Setting  Up  of  File 

4.2.1  Hull  Base  Data  File 

The  Direct  Access  Method  type  file  is  used  wherein 
the  hull  offsets,  scantlings  of  the  longitudinals,  those 
section  types,  and  specific  data  of  the  longitudinals  such 
as  the  thickness  side  of  webs  against  mold  line  and 
the  direction  of  the  flanges  are  contained.  Furthermore, 
this  file  is  not  only  utilized  for  the  LODACS  but  also 
for  the  shell  plates  expansion  and  internal  members 
development  processes. 

4.2.2  Dimension  Data  File 

This  Direct  Access  Method  type  dimension  data  file 
containes  the  indices  of  block  names.  Here,  the  developed 


Fig.  18  Frame  End-bracket  by  NC  Cutting 
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frames,  face  plates  and  flat  bars  known  as  the  strap 
members,  and  standard  type  brackets  and  cutout  frames 
arc  included  in  the  dimensional  forms.  Each  component 
member  has  its  corresponding  record,  and  the  information 
consists  of  the  general  items  such  as  the  part  cod:, 
sanding,  length  and  control  parameter  for  production 
activity,  the  common  graphical  items  such  as  end  shape 
and  scallops,  bending  information,  data  regarding  drain 
holes,  and  marking  information. 

4.2.3  Cutter  Location  Data  File. 

This  Direct  Access  Method  type  curter  location  data 
file  contains  the  cutter  location  data  which  arc  to  be 
output  in  the  form  of  the  analog  patterns.  In  addition 
to  the  end-members,  the  standard  type  brackets,  face 
plates  and  cutout  frames  data  converted  from  the  above 
dimension  data  file  can  be  put  into  the  storage  of  this 
file-  as  required.  This  file,  as  with  the  cases  above,  can 
be  utilized  also  for  other  systems  covering  the  expansion 


Fig.  19  Example  of  System  Operation  Flow  Chart 
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curved  shell  plates  and  development  of  internal 
members. 

5.  Operation 

5.1  Preparation  for  System  Operation  and  Its  Simplified 

Operation 

With  respect  to  the  flow  diagram  shown  in  Fig.  3, 
a  variety  of  operational  methods  an  be  taken  Namely, 
only  those  necessary  programs  can  be  selected  after 
development  programs. 

The  preparation  of  the  dimension  data  file  is  indis¬ 
pensable  for  the  control  of  the  files,  but  in  an  emergency 
as:  as  in  the  quick  repairs  of  a  vessel,  specific  data  can 
be  input  even  when  the  hull  base  data  file  is  not  available. 
When  the  preparation  of  EPM  films  or  full-scale  templates 
is  intended,  the  cutter  location  data  file  may  be  bypassed, 
and  magnetic  tape  tape  or  punched  tape  for  NC  drafting  can 
be  output  directly  from  the  development  program.  Shown 
in  Fig.  19  is  an  example  Of  the  system  operation  without 
utilizing  the  hardware  techniques  of  numerical  control 
fabrication. 

5.2  Standardization 

It  goes  without  saying  that  computerization  and 
standardization  go  hand  in  hand.  Extensive  standardization 
which  resulted  in  distinct  simplification  both  in  design 
and  in  input  operation  was  developed  in  this  system.  In 
particular,  five  types  of  frame-end  shapes  and  more  than 
ten  types  of  end-members  have  been  standardized 
Consequently,  the  necessity  to  write  down  all  the  details 
of  end-members  in  the  design  phase  has  been  eliminated. 
All  that  is  required  is  to  note  the  designated  type  number 
of  end-member  shown  in  the  standard  specifications. 
Similarly,  only  the  designated  type  number  of  end-member 
shown  on  the  relevant  design  plan  is  required  to  be 
input.  The  newly  provided  access  permitting  the  input 
of  those  principal  dimensions  related  to  design  functions 
allows  added  system  flexibility  to  deal  with  the  hull 
members  of  special  types,  and  contributes  significantly 
to  even  greater  labor  saving. 

s  i  Input 

Input  items  of  the  system,  aside  from  the  development 
program,  con&m  the  block  names,  pail  codes  and  selective 
machine  code,  hence  description  on  these  items  is  omitted 
her:.  In  this  article  the  input  for  the  development 
program  will  be  shown.  Generally,  processing  is  made 
for  every  building  block  where  data  are  broadly  classified 
as  those  data  common  to  blocks  and  those  concerning 
each  frame  member. 

5.3.1  Data  Common  10  Blocks 

These  data  cover  the  ship  number,  block  name,  and 
drain  holes  which  require  only  one  input  operation  at 
the  initial  stage  of  each  block  processing.  Of  these,  the 
input  operation  for  drain  holes  is  cumbersome;  however, 
simplification  has  been  made  in  such  a  way  that  the 


type  of  drain  holes  can  be  omitted  where  they  are 
identical  to  those  on  the  immediately  preceding  member. 

5.3.2  Data  Specific  to  Each  frame 

To  minimize  the  input  operation  frequency,  the  name 
of  the  longitudinal,  type  number  of  the  end-member, 
range  of  frames  processed  and  specific  data  other  than 
the  standard  type  are  required  to  be  input  for  the  first 
member  only,  but  all  such  data  for  the  subsequent 
members  can  be  largely  omitted,  except  for  the  name 
of  the  longitudinal  and  part  cod:  name,  providing  that 
they  are  dimensionally  identical  to  the  first  one. 

6.  Conclusion 

With  comprehensive  coverage  and  sophisticated  func¬ 
tions,  LODACS  has.  become  an  extremely  useful  system 
that  meets  the  multiple  requirements  of  the  shipbuildiig 
design  and  production  system.  As  already  mentioned, 
this  system  it  a  longitudinal  frame  development  and 
conducting  system  incorporating  the  groups  of  programs 
developed  and  implemented  by  MI  with  added  functions 
later  developed.  This  system  does,  however,  have  some 
unsolved  problems  in  dealing  with  the  transverse  frame 
end-brackets,  beams  and  beam-knees  etc.  Other  problem 
areas  include  such  items  as  the  automatic  drawing  of 
the  sectional  view  of  frames  in  the  course  of  hull  plan 
preparation,  supplying  those  control  data  to  the  production 
control  system,  and  the  like,  to  name  but  a  few.  A 
greater  corporate  effort  will  thesefore  be  made  in  the 
future  to  solve  these  remaining  problems. 
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APPENDIX  E 

SPECS  -  SHIP'S  PRELIMINARY  AND  EXACT  CALCULATION  SYSTEM 
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ABSTRACT  OF  'SPECS'  SYSTEM 


This  system  shall  be  applied  to  detailed  design  in  ship's 
preliminary  calculation  on  Hull  Form  and  its  capacities. 

The  system  design  concepts  and  aims  are  as  below. 

*  Expansion  of  application  by  widely  used 
programs 

*  Easy  Maintenance  of  both  programs  and  Data. 

*  Reconsideration  of  design  system  and  Pursuit  of 
man  power  saving. 

This  is  a  totalized  system  which  can  make  designers 
possible  to  prevent  from  duplicate  input  by  registration  the 
results  of  each  step  in  the  Data  Bank  through  which  next 
programs  shall  retrieve  them. 
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(2)  APPLICATION  AND  RESTRICTIONS 


1)  Applied  ship's  type 

Applied  tankers  and  carriers  up  to  D/W  1,000,000 
In  addition  to  the  ordinary  ships,  following  type 
can  be  also  applied. 


Ship's  type  -  naval  vessels,  patrol 

ships,  fishing  boats 

Hull  form  -  Initial  trim,  Knuckled 

shell 


Inner  hull  structure  - 

Almost  all  types  of  ship 
shall  be  applied  using 
MAP-method  developed  by 
IHI. 


2)  Other  restrictions 


ORDINATE 

- Max, 

50 

(w.  L  = 

60) 

FRAME  - 

- Max, 

500 

(W.L  = 

150) 

TANK  /  HOLD  - 

- Max, 

70 

block 

Loading  condition 

- Max, 

100 

(  3  ) 


(3) .  FEATURE  OF  THE  SYSTEM 


1.  Operating  methods 

*  Using  as  total  system  which  can  save  input  data 
by  retrieval  the  preceding  results  from  the  data 
Bank . 

*  Independent  RUN  method 

Related  data  to  be  INPUT  directly  for  each  program. 
Both  running  method  are  available. 

2.  Drawing  shall  be  generated  as  output. 

3.  Calculated  results  in  the  Bank  can  be  applied  to 
another  sister  ship  for  effective  process. 

4.  FRAME  &  ORDINATE  OFFSETS  shall  be  automatically 
applied,  in  case  that  LINES  FAIRING  has  been  complexed. 

5.  FRAME  OFFSETS  can  be  provided  from  ORDINATE  OFFSETS' 
by  OPTION  FUNCTION. 

Various  studies  in  initial  design  stage  can  be 
proceded  by  this  function. 

6.  MAP-  method  developed  by  IHI  shall  make  it  easy  to 
apply  the  system  for  the  complexed  shapes  of  ship. 

7.  New  Rules  of  IMCO  are  applied. 
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OEHEHAL  SYSTEM  PLOW  OP  SPECS 


Grain  Heel¬ 
ing  Moment 


Tank  Capaclt 


Longitudinal  Strength 


(  4  ) 


Trial 


(4)  FUNCTION  AND  OUTPUT  OF  EACH  PROGRAM 


(  5  ) 


Program  name 

Function  of  Program 

Output 

BANK  INITIALIZE 

&  Basic  items 

Preparation  for  I/O  process  of 
all  calculations  shall  be 
done.  Basic  items  such  as 
principal  dimensions^ FRAME 
SPACE  and  etc.  are  stored. 

. 

— 

1  Bonjean  Cal. 

i 

! 

i 

i 

Bonjean  calculation  of  MLD  and 
EXT  are  executed. 

Bonjean  (EXT) 
Bonjean  (MLD) 
Bonjean  Curves 

i  Hydrostatic 
j  Properties  Cal. 

L. 

HYDRO  PROTERTIES  TABLE  is  gene 
rated. 

MAP  APPEN 

GZ  and  FLUID 

INFLOW  ANGLE 

Cal. 

Calculation  of  GZ  (Righting 
Lever)  at  any  angle. 

Calculation;  of  the  displace¬ 
ment  at  the  start  of  INFLOW 
-_5if_ae.a__wat.er _ 

Cross  Curve  of 
stability 

Curve  of  INFLOW 
angle 

Righting  Lever 
at  optional  . 

draft 

GZ  TABLE  at  optional  draft  is 
generated. 

- 

' 

GZ  for  opera¬ 
tional  infor¬ 
mation 

GZ-Healing 

Curves 

Displacement- 

correction  Cal. 

due  to  Trim 

Displacement  correction  Table 
in  optional  draft-Trim  is 
generated. 

Displacement 
correction  ’ 
table  due  to 
Trim  ' 

’Trim- Displace-  i 

ment 1  Diagram  \ 
■  1 

i _ 1 

Generating  Diagram  ’Trim-dis¬ 
placement’  for  finding  draft 
at  bow  and  stern. 

Diagram  ’Trim- 
Displacement’ 

Draft  Correc-  Values  for  correction  which 

tion  Table  at  :  shall  be  .used  for  calculating, 
the  point  of  j  drafts  at  the  both- of  AP  and 

draft  Mark  j  :FP  from  the  appearent  drafts - 

i  at  the--Draft-Mark  position. 

, _ _! _ 

Draft  correc¬ 
tion  table  for 
'Draft -Mark 

HYDRO  Proper-  j  Calculation  of  HYDROSTATIC  j 

ties  Cal.  for  j  PROPERTIES  at  any  part  of  the  j 

Free  Draft  j  ship,  at  Trim-status  and  at  1 

j  HOG  &  SAG  status.  | 

HYDRO  PROPER¬ 
TIES  for  Free 
Draft 

Read  in  frame  j 

offsets  | 

Frame  offsets  read  by  eyes. 

Frame  distance 
table 

Frame  offsets 

B  (cat! 
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Program  name 


Function  of'  Program 


Output 


Tank  Capacity 

Cal. 

i 

Capacity,  center  of  Gravity  j Tank  capacity 

INERTIA  etc.  are  calculated.  | table 

•Tank  capacity 
•  curves 

. . . . 

Tank  Capacity 

Table  Cal. 

Tank  capacity  table  is  gene-  j Tank  capacity 
rated  due  to  SOUNDING  and  1  table 

ULLAGE.  j 

» 

Correction  Table  i  Value  for  correction  against  Correction  i 

of  Tank  capaci-  j  EVEN  KEEL  at  TRIM  HEEL  is  *  value  table  j 

ties  due  to  Trim  calculated.  1  1 

and  Heel  j  1  i 

*  t  I 

1 

Grain  Heeling  j  TRANSVERSE  &  VERTICAL  HEELING  i  Grain  Heeling  ! 

Moment  Cal.  '  '  |  Moment  are  calculated.  j Moment  table 

..  .  ’  l  . . .  ...  ^ 

GGO  Table  for  j  Decrease  of  GM  by  free  surface!  Table  j 

Operational  j  effect  is  calculated.  *  \  j 

Information  !  *  !  .  ! 

1  •  !  i 

TRIM  Table 

Estimation  of  the  change  of  Trim  Table 

Trim  when  a  load  of  lOOt  added- “ 
to  optional  Tank.  I 

i  i 

j  1 

Summary  of  • 
capacities  of 
Tanks  and  etc. 

Final  drawing  of  Tank  Capcity . j Tank  Capacity  j 

i Summary  Table  j 

!  ! 
I  •  1 

Trim  Cal. 

- 

* 

HOMOGENEOUS  LOADING  at  option—!  Loading  condi—  I 
al  Tank  and  Trim  adjustment  ::  tion  Drawing  ; 
by  two  fixed  tank.  j 

Lateral  area 

Cal. 

Lateral  area  and  center  of  \  Curve  of  j 

Lateral  area  are  calculated.  -Lateral  Area  ■ 

-  -  -  --  -  _  _ f _ I 

Stability  j  GZ  angle  of  vanishing  stab ill-;  Diagram 

Curves  Cal..  j  ty  and  GZ  maximum.  j  * GZ-Heeling 

I  Coefficient  Cs  ,  C*  considered! angle -Dynami- 
|  DYNAMICAL  STABILITY  of  IMCO  j  cal  stability1  {■ 

j  Rule,  maximum  allowable  hell-  {  j 

j  ing  angle,  wind  and  oscilla-  j  i 

I  tion.  I  S 


Grain  Stabili- 

Residual  Area,  Heeling  angle. 

Table  of 

ty  Cal. 

Allowable  Heeling  Moment  etc . 

Heeling  Mo- 

are  calculated. 

ment  Diagram 

1 GZ-Heeling 

Angle  1 

g  ( OZjfS '  *2S6  A  «  b  r. 
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Program  name 

Function  of  Program 

output 

Damaged  flooding 
and  damaged 
stability  Cal. 

Final  balanced  CONDITION  after 
damaged  by  method  of  lost 
Buoyancy  is  generated. 

DYNAMICAL  STABILITY  considered 
wind  and  oscillation  can  be 
lalso  calculated. 

Diagram  GZ- 
Heeling  Angle 

i 

i 

Light  Weight 

distribution 

Cal. 

Light  Weight , center  of  Gravity 

are  calculated  and  distributed 

Light  Weight 

•Distribution 

1  Curve 

! 

Longitudinal  ' 

strength  Cal. 

SF.  BM  DEFLECTION  m  case  of 
STILL,  SAG,  HOG  are  calculated. 

| Comparison 
| Table  for  Bend- 
| ing  Moment 
| Diagram  Bend- 

| ing  Moment- 
J  Shearing  _F_Qrge 

(Envelope  Curve 
[Of  Shearing 

TForce 

| Envelope  of 
Bending  Moment 

Simple  Cal.  of 
Longitudinal 
Strength 

BASE  VALUE  such  as  Coefficient 
of  Weight  Distribution  Shearing 
Force  etc.  at  the  point  of 
Bending  Moment  are  calculated. 

Coefficient  of 
Weight  Distri¬ 
bution  for 
Shearing  Force 
Lever  for  Bend¬ 
ing  Moment 
Longitudinal 
strengthen  Data 

Launching  Cal . 

Launching  particulars,  Float 
condition,  launching  speed  etc. 
are  calculated. 

Launching 

Curves 

Launching 

Speed  and 

Travel  Curves 

Obscured  dis¬ 
tance  in  rela¬ 
tion  to  various 

Draft  and  Trim 

Table  of  Obscured  Distant  at 
the  designated  draft  and  Trim 
is  generated. 

Table  of  Ob¬ 
scured  Distance 
in  relation  to 
various  Draft 
and  Trim 

Rolling  period 

Cal. 

Table  of  GoM  at  every  designated  Bolling  Period- 
draft  and  oscillation  period  is  MM  Table 
generated. 

BY  Kato’s  equation  or  results  of 
experiment . 

3  iOJM-  iZli  A  A 


Ishikawajima-  Harima  Heavy  Industries  Co.,  Ltd 


Program  name 


Function  of  Program 


Output 


.  sa 

Floodable  length 

Cal. 

Floodable  and  Permissible 
length  at  optional  points  are 
calculated. 

By  the  standard  of  Ministry  of 
Transport  or  Floodable  length 
detailed  Bonjean  Method. 

Floodable 

Length  Curve 

Dead  Weight- 
Scale  Drawing 

D/W  SCALE  unit  in  METRIC  or 
FEET. 

Dead  weight- 
Scale 

Turning  Test 

Measured  results  such  as  Speed 
and  Turning  Angle  at  the  Trial 
are  analyzed  and  calculated. 

Drawing  on 
Turning  Test 

Crash  Stop 

Astern  Test  and 

stopping 

Inertia  Test 

Results  of  Crash  Stop  Astern 
Test  and  stopping  inertia  test 
are  analyzed. 

Its  wake  and  speed  curve  are 
drawn . 

Results  of 
crash  stop 

Astern  test 
Cource  of 

Crash  stop 

Astern  Test 
Result  of  Stop¬ 
ping  Inertia 

Test 

Course  of  Stop-, 
ing  Inertia 

Test 

Zig-Zag  Test 

Results  of  Zig-Zag  steering 

Test  are  analyzed. 

Table  of  Maneu- 
vability 

APPENDIX  F 

SPECS  -  ACTUAL  OUTPUT  EXAMPLE 


ACTUAL  OUTPUT  EXAMPLE 
OF 

SHIP'S  PRELIMINARY  AND  EXACT 


CALCULATION  SYSTEM 


INDEX 


PRINCIPAL  PARTICULARS  -  1 

BONJEAN  - 4 

HYDROSTATIC  PROPERTIES  -  7 

STABILITY  CROSS  CURVES  and  INFLOW  ANGLE  -  13 

RIGHTING  LEVER  for  Operational  information  18 

DISPLACEMENT  CORRECTION  TABLE  due  to  TRIM  -  2  0 

TRIM-  DISPLACEMENT  DIAGRAM  -  21 

DRAFT  CORRECTION  TABLE  for  DRAFT  MARK -  22 

HYDROSTATIC  PROPERTIES  for  FREE  DRAFT  -  23 

FRAME  OFFSET  Read  in  -  25 

CAPACITY  OF  TANK  AND  HOLD  -  27 

DETAILED  TANK  CAPACITY  TABLE  -  30 

TRIM  AND  HEEL  CORRECTION  TABLE  (for  each  tank)  -  32 

GRAIN  REELING  MOMENT -  35 

GGo  TABLE  for  Operational  information  42 

TRIM  TABLE  (DRAFT  correction  table  by  a  loading  weight)  44 

TANK  AND  HOLD  SUMMARY  TABLE  -  46 

TRIM  Calculation  49 

LATERAL  AREA  55 

STABILITY  CURVES  57 

GRAIN  STABILITY  62 

DAMAGED  FLOODING  and  DAMAGED  STABILITY  -  69 

LIGHT  WEIGHT  DISTRIBUTION  - 73 

LONGITUDINAL  STRENGTH  -  74 

longiTuDiNAl  STRENGTH  (By  simple  method)  so 

DATA  FOR  SEA  MATE-4,  SEA  MATE-S  -  84 

LAUNCHING  CALCULATION  -  86 

DARK  SPACE  CALCULATION  -  91 

ROLLING  PERIOD  92 

FLOODABLE  LENGTH  -  94 

DEAD  WEIGHT  DRAFTING  -  97 

TURNING  TEST  98 

CRASH  STOP  ASTERN/AHEAD  TEST  and  STOPPING  INERTIA  TEST  - 101 

ZIG-ZAG  TEST  109 


ABBREVIATION 


111 


•  PR  1NCIPAL  PARTI CULARS  ♦  ♦♦ 


LENGTH  0  VFR  ALL  .  .  ^ _ _ 

_ LENGTH.  9ETWEEN  .PER  PEND  ICULARS _ 

_ 0RFAPTH  fHOULOFPE _ 

_ DEPTH  ...  (MOULDED) _ _ _ _ 

_  DRAFT  ,i„ (OESfGNEO  HOULOEOI _ 

_ DRAFT _ 1 DE  SI GNEp_eXTAEME| _ 


167,730  M 
170*000  M 

15.300  H 
... 9.730. H 
9.760  H 


INITIAL  TO 1H 

distance  AFT. END 'from"  a'.p'.‘ 

.PI  STANCE  FWDtf NO  FROM  F.P. 


0.0  M 

5.000'  H‘ 
4.730  H 


RISE  OF  FLOOR  AT  MIDSHIP 
STARTING  POINT  OF  RISE  OF  FLOOR. 
RA PIUS  OF  BILGF  CIRCLE 


0-0  N 

1.095  N 
1.200  M‘ 


♦ 

*  SEA  GRAVITY  ■  1.02500  ♦ 

♦  ■  * 
♦♦*♦♦♦ ******** ♦*♦**♦♦**♦♦ 


Tmnr»rjnnE — irrrrrT 


i — urannnjn: 
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VICE! 


CO 

CMDINAT2  0.036  H  0*125  M  0.250  H  0.375  H  0.500  H  0.750  H  '  1.000  H  1.300  it  2.000  M  3.000  M  "4.000  H  9.000  H 

Ji5i _ W.L . _ K.t» _ U.l. _ M.L. _ W.l. _ M.L . _ U.L. _ U.L. _ ||.L. _ U.  L.  U.L.  U.L.  ^ 


-0.2170 

-0.2300 

-0.2714 

-0.2070 

-0.144) 

^cr;<»72* 

0.0 

0.1210 


0.  2500 

0.400 

0.400 

0.4O0 

0.400 

0.  245 

•  0.173 

0.1  35 

0.  100 

0.090 

0.090 

0.090 

0.040 

0.1730 

'  0.445 

0.413 

.  0.104 

"0.331 

0.334  " 

0.4  07 

6.653 

'  "6.734 

0.800 

0.89  1 

~  6.970 

1.044  * 

0.1000 

0.374 

0.434 

0.731 

0.019 

0.903 

1.033 

1.10  5 

1.370 

1.514 

1.707 

1.863 

2.0  70 

0.4210 

0.705 

0.417" 

1.040 

~~  1.247"" 

1.377 

17398- 

- rrrjy 

- T2T05T 

21250 - 

2:  SIT- 

2.742 

- 3:0 4* 

0.71)7 

1.114 

1.317 

1.572 

1.740 

1*931 

2.204 

2.424 

2.771 

3*022 

3*394 

3.725 

4.127 

0.0710 

1.3)3 

1  .705 

2.000 

“ 2.321 

2.514 

"2.030 

l.'OIA 

3.447 

3.790  — * 

4.241 

4.482 

5.168" 

1 .0030 

1.443 

2.202 

7.430 

2.090 

3.122 

3.400 

3.700 

4.235 

4.582 

5.131 

5.434 

'  4.190  . 

i.iioo 

'  '  2.443 

3.377 

3.003 

4.131' 

4.401 - 

'  4.037 

7  5.105 

' 3.724 

.  4.  144 

4.84  7 

•  7.482 

"8.124 

1.1000 

4.134 

4. 90S 

5.049 

3.434 

1.739 

4.224 

6.400 

7.203 

7.600 

8.480 

9.  178 

9.633 

1*7100 

5.42 1 

3* 

4.390 

4.770 

7.090 

7:404" 

1.011 

0.431 

4.133 

“5:972" 

— io;6at 

- lt:243" 

2.0000 

4.717 

7.211 

7.774 

0.119 

0.440 

0.933 

4.336 

9.970 

10*470 

11*275 

11*890 

12*390 

*.1449 

’  4.431 

4.05) 

10.301 

"  10.434 

.10.919  ~“ 

11.344 

—  11.711 

'  12.231 

.  12.433  ' 

13.196 

13.543 

13.773 

)• 0000 

11.004 

12.041 

12.411 

12.443 

12.037 

13.130 

13.37o 

13.499 

13.412 

14.117 

14.U3 

14.200 

3.1000 

13.100 

13.301 

13.393 

13.741 

”  13.014 

14.014 

- 1-4.1 17 

"  14.159 

'  14.200 

14.200 

14.200 

14. 2uu 

4.0000 

13.143 

13.111 

13.721 

13.043 

13.940 

14.109 

14.102 

14.200 

14.200 

14.200 

14.200 

14.200 

9 . tt 3f 

13.143 

13.115 

13.721" 

13.043" 

13.940 

14.104 

— h:i#z" 

- 14.200" 

14.200 - 

14.200" 

14:200" 

14:200“ 

4.0000 

13.343 

13.511 

13.721 

13.143 

13.940 

14. 144 

14.182 

14.200 

14.200 

14.200 

14.200 

14*200 

A. 1444 

13.34) 

13.111 

"  13.721 

*  13.043 

■■  13.940- 

14.109 

14.102' 

14.200 

14.200 

14.200" 

14.206 

14.2uu  " 

7.0000 

13.226 

13.424 

13.413 

13.700 

13.090 

14.043 

"  14.137 

14. *uO 

14  «2u6 

14.206 

14.200 

14.200 

7.1000 

12.3)3 

‘  12.400 

12.094 

"  13.112 

"13.203 

13.542 

13.727 

13.964 

'  14.094  " 

14.191 

"  14.200 

'  "14.200  ' 

0.0000 

10.4)2 

10. 4)1 

11.400 

11.703 

11.949 

12.308 

12.435 

13.064 

13.350 

13.704 

13.170 

13.920 

•  .ini 

1.10  1 

4.405 

10.7*4 

10.454- 

i0.472 

11.410" 

11.740" 

- 12.274 

-  12.445 - 

13.119" 

- 13.363 

13.448' 

0.1000 

0.204 

0.447 

9.132 

5.495 

4.74  2 

10.270 

10.455 

11.237 

11.464 

12.236 

12.343 

12*678 

i.noo 

4.771 

'  7.i)j 

7.740 

"  0.113 

■'  0.430 

0.432 

9.333 

'“  9.956 

-  10.417 

11.033 

11.342 

■  ■  11.560 

5.0000 

3.210 

1.711 

4.224 

4.407 

4.420 

7.420 

7.034 

4.430 

0.914 

9.530 

9.811 

1 0.077 

’  5.1110 

4.470 

4.4)5 

“  5.440 

—  5.013 

4.124 

4.420 

7.027 

7.  437 

.  0.0*3 

8.470 

'“  4.014 

4.212" 

5.2100 

3.711 

4.113 

4.440 

3.010 

3.313 

5.001 

4.  104 

6.77  3 

7.200 

7.757 

8.000 

8.210 

f •1710 

1.447" 

3  «3  A  4 

3*6 

4.220 

4  0  4 

"4:934- 

5.322' 

- T  5.875  ' 

"  4"*272 

"4:78  7- 

- 7.04  5" 

- 7-261“ 

4.500# 

*.2  44 

2.4)0 

3.041 

3.307 

3.437 

4.041 

4.430 

4.940 

3.301 

3.740 

6.032 

6.184 

5.4240 

1.170 

1.410 

2.291 

2.104 

2.024 

3.  215 

3.310 

3.476 

4.242 

4.700 

4.  V2S 

5.044 

f.tlOO 

0. 5t4 

1.241 

1 .104 

1.020 

2.020 

2.337 

2*390 

2.475 

3.240 

3.3** 

3.742 

3.844 

4. 0710 

0.140 

*.742 

”  1.070 

1.240 

1.424  " 

1.467 

1.032 

2.120 

2.315 

2.364 

2.6*2 

2.704  " 

10.0000 

0.375 

0.704 

0.410 

1.070 

1.313 

1*405 

1.700 

1.840 

2.004 

2.047 

1.987 

10.01)9 

3.170 

3.413“ 

0.074 

"i:i«4- 

i:334- 

-  1.360- 

1.724 

"  i:*2o- 

- 1.130 

1*710“ 

10.1270 

0.035- 

1.131 

1.420 

1.343 

1.460 

1.411 

1.410' 

10.1405 

t  ' 

l 

“T  i:U3jt 

- 1:2*0 - 

"1:37 0 

1.273“ 

o;595 

10.2140 

1 

l 

0.425 

0.523 

ORD.  OFFSETS 
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ORD.  OFFSETS  fP  W 


FoiTTTTT 


ORDINATE  Nfl 

31 

3  2 

33 

34 

01  STANCE  FROM  A> 

"157.6.  H 

‘  i6l'.525M 

"~J  67 . 4  5 

CM  ”  172.  375M 

ORAFT  EXT  IH) 

..  - 

—  *  . 

.... 

. 

n.  :7«i 

1  .0? 

1  .64 

1.5  3 

1. 33 

0.  iso 

3.06 

3.60 

3.27' 

2.05 

0.  >75 

7.34 

6.06 

6.2  6 

5.40 

•  4  i% 

15.00 

10.20 

9.31 

•  8.  19 
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OATa 

FOR  HYDROSTATIC 

CURVES 
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DATA  FOR  HYDROSTATIC  CURVES 
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0.0 

EOT.  IF  RON  AM  1H) _ 0.0  lift. 000  0.0  0*0 . 0.0  
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A 
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s 
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4 
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34 

173.669 
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9 
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35 

175.834 
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36 
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7 
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0.13902 

16.685 

37 
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0 
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9 

13.133 

6.733 

38.629 
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• 
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1? 

25.981 

6.938 

118.386 
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4 
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13 
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0.93376 

43.910 

21 

117.380 

8.470 

239.596 
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DRAFT  CM)  A. 500  9.500  0.0  0.0  0.0 
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-4.000  0.400  -7.400  89.000 

~1 ;  OOQT - 0  76  00 - -IT  50  0 - 8  87400“ 
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12.000  H 
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4.472 
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74 
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7.194 
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10.940 
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"  4.403 

'  7.304  “ 

4.44* 
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10.194  — 

*  10.491 
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7.432 
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- 11.445 
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11.404 

12.204 

1 t .20* 
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12.419 
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711 
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i.m 
11*471 
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10.414 ‘ 
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11.434 

-IXdiL 


11.317 
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4.740 

o.oli 
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1.442 
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12.4  50 


13.401 
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13.773 
13.144 
13.474 
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0.037 

-10.271 

-10.600 
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15.000 
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-10.200 
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17.000 

Pft76.ft7 

OOSO.?.! 

0,672 

-10.305 

-10.200 

17.170 

0947.06 

0720.96 

0.757 

-10.305 

-10.200 

[I] 


GIF  AW 

(HI  (SO.  Ml 


I  N  A 
(1R7.1 


1  R  A K.P. 
(LONG.  I 


♦  ♦♦  CnSPARTHENT  SUHHARY  TABLE  FOG  TANK/HOLD  »*» 


nd  tank/iold  nah: _ n ace  aft,  phd.  fwp.  bmp. _ vocuMr  i  c  c _ k  c  t.inehtia 


;  frno'diff.  frno  6'Iff .  icuo.mi  ih'i  *ihi  cha i 

\  FojSM  WATER  TANK  IP)  3  H _ 17 _ 106.92 _ P7.  160 _ 16.99* _ i*0. 

t  '“FR^SH  WATCr  TANA  IS)  A  V  17  136.30  07.079  17.004  183. 

3  DRINK  WATCR  TANA  IP)  3  9  II _  29,54 _ 90.407 _ __17.035 _ 32._ 

A  NO.  3  F.O.T.  j  P/ST  I  iA7~  '  \T<i  907 .06  -Si. 300  2.156  5400. 

5  NO.p  F.Q.T.  CP/S) _ 2  66 _ 9  3 _ Mlltll _ 31.90  3 _ i-JP* _ 6616. 

6  NO.  7  C^P^T.  |P)~  3  20  At  96.65  6P.96P  1.1 1C*  240. 

7  NT. 7  F.O.t.  I  Si _ 4  26 _ _  40 _ 104.  !>0 _ 72*030 _ L«0 75 _ 74?*_ 

0  N«i“6  "f-.inf.  1  P/S)  ’  2  4 1  “66  VO. 19  "32.“900  0.997  22. 

9  N3.1  T.S.T.  IP/S)  2  202  227  346.45 _ -73.535 _ 16.972 _ 62). 

lo  N075  T.S.f.1  p/sl  l  ITS”'  <02  592.6s  -54.641  16.607  1219. 

}l  M0.3  T.S.T.JP/S) _ 2 _ 121  _  175  1  191.93  -22.300  ..l6*595  -..-  2'"31* 

12"“Nn*4  iisifi  (F/S|  2  67  l?.l  119L.CP  20.  f'99  16.695  243*. 

13  ND.'S  T.S.T.  |p/SI  _ 7  40  67  ___  5ni.  34  53.  150  16.654  1232* 

1 4  ”n7rw; •>; tri p/*j  2'  201 . “  m  545.21  -74.1&?  1.002  3173. 

15  H'1.2  W.R.7.  jp/Sl _ 2  174 _ 20  1  _ 07  2.  114  -5  3.65  9 _ 2.165  _ 5109. 

If  N'1.4  w.p.l.  Trl  5  93  TTT7-  nuT7  .  69  0.100  ^.156  ■  10974. 

17  NO. 4  W.'UT*  IS!  _ 4  _  9  3 _  _  ..147 _  .  „  _  _  1607.69  ,  0.100, _ 2.)56 _ 10V74. 

IP  "NLuA'w^'Tr'fr'i  P/S)'  "  2’  40  '  06  **""  . .  547.63  53.463  2*702  1)00. 


|U  F.P.T  l  224  232  2963. VI  -90.252  9.506  5594. 

16  Jup.'rl  i“*-5  -Obo"  ‘  9  *  270.53  94.055  12.790  2254. 

21  H3.1  04300  HOLD _ 1  20 2 _  227 _ 7  067.02  -74.991 _ 10.61  J _ 36 162. 


72 

Nil.  2  CARGO  MUIO 

) 

175 

KHW  35SS 

-S4.77  5 

10.157 

59970. 

23 

NT. 3  CAHGH  HOLD 

1 

140 

9  fife  1  •  69 

-33.273 

10.  124 

60095. 

24 

NO. 4  CARGn  MOLD 

I 

171 

994!.  45 

-1  1.63  7 

10.121 

60395. 

25 

NO.  5  CARGO  MOLD 

1 

94 

HE  m 

9V67.7U 

V  »  90  0 

10.141 

60095. 

26 

NM, 6  CARGO  HOLD 

1 

67 

94 

9  04 1 . 70 

31.770 

10.172 

60095. 

2T 

NO. T  CARGO  MOLD 

f 

40 

67 

9  106.09 

5  2 . 76  0 

10.569 

560B7. 

30 

6 1 lce  Tank 

T 

9 

in 

ZC.46 

07.00 1 

i.ioi 

6. 

31 

SEP.  IT LCE  OIL  TANK 

4 

IP 

26 

17.42 

79.733 

1.266 

9. 

32 

F .  0.  OVER  FLOW  TANK 

l 

36 

40 

3  0.53 

65.639 

©1990 

25. 

33 

LII3.  niL  SUMP  TANK 

I 

71 

20 

24.31 

78.050 

1.695 

6  • 

34 

CODLING  WATCR  TANK 

1 

6 

9 

24.04 

92.11  1 

6*44  3 

21. 

4  3 

NO. 3  C.1I.IIN  DECK! 

l 

140 

175 

11331.96 

-33.100 

10.76  5 

60095. 

41 

NO. 3  C.M.  (CHECK! 

T 

141.' 

17  5 

8  354.CC 

-33.100 

9.600 

14400. 

47 

FOR  W.L.  CHECK 

l 

100 

no 

2519.79 

1 2.10  0 

11.294 

5333. 

*  >  *  $  a 


TANK  CAPACITY  CURVES 


FORE  PEAK  TANK 


MAX. Va. 

A  X  .  K  G 


■1596.000  M 

8-260  M 


FROM  FR.  207.0  TO  FR.  215-0 


MAX. IT 

LOG 


.2  6  5  8  3  3  0  M  ’ 
-6  2  3  3  1  M 


*♦  TANK  CAPACITY  DETAIL  PRO.  TABLE  TYPE  DATA  PRINT  ** 


T A  II r  TY«>F  Nil. I  IF 


UNIT 

SIGN 

i 

i»l 

0  »  METRIC 

I  *  FEET 

CAL. 

— r~ar— 

5  IGN 

i 

o> 

0  1  INNAGE 

1  l  ULLAGE 

I  T)  M 

RATA  NO. 

T 

TJ 

i nt r>»i al  oept'i  i  i.oonnj 


O/P  UhfT _ UNIT  •  EXCHANGE  RATES 


1 

1 

CUP.  N 

t.oonoo 

3 

1 

H.  TON 

0,95000  * 

1 

1 

U.S.’INL 

6.?B9H1 

REMARK  1  5.0. 

* 

0.010  NT/CUH  .M 

StT 


♦  ♦  TANK  NANG  DATA 

- - W7S7TT  UEl”  0 ICT  ATTR — tP7& - 


V 


♦  *  SOUNDING  TONE  DATA  *♦ 


"iTTTriTTnnrTr 

- cmEWiTTnTEWAT — 

~(P1 

~SfBirtT*r;r 

c  re  iwrim  £  ft  vac - 

X 

V 

l 

X 

Y 

l 

0.0 

0.0 

0.0 

6.0 

0.0 

1.430 

'A. 400 

0.  01 A 

0.0 

0,0 

o.u 

6.0 

6.0 

6.0 

0.6 

1.430 

A. 400 

15.739 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0*0 

0.0 

0.6 

0.0 

6.6 

6.6 

0.6 

6.6 

6.6 

0*0 

6.6 

676 - 

"ove 

0.0 

0.0 

0.0 

0.0 

0.0 

O.p 

0.0 

0.0 

0  JO 

0.0 

t.  .*• 

•j.o 

0.0 

0*0 

0.0 

0.0 

tl.tl 

6.6 

0.0 

0.0 

0.0 

('.(> 

0.0 

0.0 

0.0 

0.6 

b.O 

6.0 

. . 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

ti.li 

0.6 

0.0 

0.6 

6.0 

0.6 

n  .o 

o.o 

0.0 

0.0 

0.0 

0.0 

>.  i 

J.N 

.  .0 

v*0 

0.0 

0.0 

■ 

*  . . 

0.6 

o.6 

0.0 

0.0 

0.0 

c.o 

0.0 

0.0 

0.0 

0.0 

o.u 

0.6 

0.0 

r.o 

o.n 

0.0 

0.0 

0.0 

o  .0 

0.0 

O.p 

6.0 

0  .0 

o:i\* 

0.0 

o  .n 

0 .0  ■ 

»  !  , 

0.0 

0.6 

0.0 

. 

•.') 

M  ■ . 

/..(• 

1 

u.n 

0.0 

6.  o1 

6.6 

O.u 

0.0 

0.0 

0.0 

0.6. 

D.O 

0.0 

0.0 

6.0 

u.o 

o.  0 

m 


CO 

o 


W.r  FU'L  OIL  im  10/11 


Vhjno. 

- — 

_ _ 

Soimo. 

i  'll 

CUO.H 

o.  W 

Vm 5  tflfl 

“T*!  * 

Tun  75 

*r?ox 

U7J.I5C 

tshk  No.rnrr 

0.0 
0.01 
ft. ft? 
n,m 

ft  fti 

4.1 

7.0 

0.7 

17.0 

7.1 
ft. ft 

0.4 

_ 17.7. 

>1 .» 

41.0 

67.4 

00,0 

0.70 

0.51 

0.5? 

-2*2 

110.1 

lftl.3 

104.1 

I6T.6 

i7o.r 

174.0 
177.? 
10V. 4 

103,0 

_ 110.1_ 

110.7 

113.2 
154.1 

111.3 

•94.4 

1014.4 

1074.4 

1014.4 

4.00 

7.91 

7.94 

7.94 

J.  IT 

3.1? 

3.10  . 

9.11 

u*u% 

•(.'ll 
*  0.10 
1.U7 
n.ni 
n,m 

I1'*! 
11.0 
*  1  .0 
74.0 
77.0 

_ 10.0^ 

17.6 

17.0 

:o.r 

.’,1.5 

70,4 

»o.r 

lli.l 

130.9 

194  I# 
174,7 
101. ft 

0.14 

0.77 

?.1ft 

0.1? 

o.1B 

0.59 

(»?.) 

101.3 

Iftl.  7 

171.4 
IT4.4 

_ ITT. 4 

fof  4 

1000,3 

1114,1 

1134. ft 

1144.7 

1170.1- 

?.?» 

7.90 

7.10 

3.00 

3.00 

3.01 

~t:{i 

3.  IS 

3.10 

3,19 
•  3.20 

3,  20 

•  n 
v.ll 
0.1? 
o.n 

o.lt 

n  i  pi 

11.0 
74.0 
iQ.9 
47.  9 
41.0 

7*.  1 

71.0 

77.0 

40.7 

_ _4*.ft_ 

*1*,0 
*31 .« 
710.0 
700.7 

_ ?ii.i_ 

l-.ftO 

O.&l 

O.ftl 

0.61 

0.  A4 

to  .0 

197.2 

1  00. ft 

loo. ft 
707.1 

140.5 

141.5 
140.1 

109.6 
t"7.4 

’  1 1  °4  .  9 

1.13.0 

1*33.0 

1745.7 

1775. 4 

3.0| 

3.01 

7.07 

7.0J 

7.04 

3.70 

3.73 
?.  70 

3.21  . 

1.2  1 

9.10 
0.17 
9. in 
n.19 

1  .• 

11.1 

10.1 
01.7 

40.1 
4».4 

.7 
11. 7 

70.1 

A  4  "JI  1 

Joi.o 
177.1 
34ft. 7 

.  304.0 

304.0 

oiii 

(l.ftft 

0.01 

0.04 

0.09 

7O0.0 
.*00.7 
it*. 4 
711. ft 
714.0 

1  95  .~T~ 
ion. T 
.*01.0 

7o4. 4 
707.9 

l.»oi  .5 

1115.7 

1315.9 

131ft. 1) 

H76.2 

5.  05 

3.03 

7.6ft 

3.0ft 

3.00 

~s:n 

3.71 

3.21 

3.21 

3.21 

*  I?1 

v.'  ' 
o.n 

0.24 

0.»1 

•  9  7  £  " 

04*1 
07.1 
70.4 
P.o 
70. ft 
77,7 

n  j 

01,0 
04.  V 

fto.v 

oo.i 

T7.» 

_ 74, T_ 

f  •  •  ft 

lUft.J  <7.70 

471.1-  ( ,7 | 

447.0  7.7? 

4ft7 . 7  0.77 

4*1.7  n.74 

_>01 , 7  1  O.TS 

*?».0 

*71.7 

270.0 

271.0 

7  30.(1 
7H.0 

HaT~ 

714.0 

.-17,0 

77V.J 

271.  1 

770.1 

1596.4 

1410.1 

1410. T 

141ft. 0 

1477.1 

1497.1 

3.07 

3.00 

3.09 

3.09 

3.09 

3.10 

“-5:31 - 

3.71 
'3.71 

3.71 

3.21 

3.  jj 

'  . '7 

0.  ?o 

01*1 

oo.tf 

07.1 

'1.0 

"4.1 

07.1 

14.  .  ? 
3l«.o 
170.J 

0.70 

C.77 

V.74 

0.70 

741.1  770.7 
*44.1  717.1 
*47.7  271.7 
710.4  734.4 

14(7.5 

1417.4 

1559.0 

H74.7 

1 

5.16 

3.10 

3.10 

3.  lo 

3.2  7 

3.22 

3.  It. 

3.27 

n.io 

a,  ■»  | 

•7!  .> 

70.4 

•01  .1 

“ — :rr-: - 

n.10 

7  54.1 

741.4 

1 190.5 

3.17 

3.72 

’.K 

V.  11 
1.1* 
9.71 

_ ft,  *6. _ 

li.  i  T 

**  P  «  ^ 

n.* 

tO4,0 
107.7 
11". 0 
Ul.JL. 

01.4 

O','.  4 
00.1 
107.7 
101.1 
_ jnn,» 

4  1*  .4 
031.6 
MT.6 
ft7T.  7 
607.  i 
_ 71ft. 6 

~o;if 

<».0» 

0.03 

0.44 

0.91 

0.4ft 

~2 if .4 
7ft!  .ft 
;63.4 
747. J 
770.7 
771.1 

747.4 

:io.o 

117.7 

710.T 

?'.o,» 

Iftl  11.7 

1610.0. 

1059.3 

1670.1 

1609,0 

1770.1 

*  * 

0 

-  . 

3.*  1 7 
3.17 

3.  13 
3.13 
3.11 
3.13 

3.  77 

3.77 

3.77 

3.72 

3.  27  . .  *  ‘ 

ft. 

0.70 

117.1 

1  ’0.7 
177.4 

111*7 
lift.  ’ 
117.7 

Tii:* 
75ft.  7 
771.0 

TuiiT 

0.11 

0.49 

i Toif- 
>  2  79.V 
741.7 

?o#r-7 

.’01, V 
?0»,v 

(740.4 

1100.7 

1741  .a 

J.  14 
3.14 
3.14 

7 

V.ii - - 

3.23 

'3.27 

0.40 
0.41 
♦  .4  ? 

1*0.1 

17'».0 

I  T*  *1 

170.7 

- 

700. t 

_?n.r» 

.in. 

flii.: 

4TJ.0 

004.9 

0 14  ,  I* 
0*4  .7 
i!V  V  *  1 

0.00 
_0.9| _ 

7  00.4 
L_  340.6 

77*.  1 

1401  .3 

10*1. ft 

3.14 

3.14 

7.23  ’ 

3,  2  3  . 

0.47 

0.44 
0.41 
0.44 
0.47 
.  *  *  %  1 

170.0 
’  17o.l 
147.7 
14*  .4 
14'. 0 

1  *0,  * 
1.7.7 
H7.7 
»*o.7 
in.? 

-JH4- 

.  9  i 
o.v  1 

V-V4 

o.vi 

0.0ft 
_0.97 _ 

<VO.l 
’00.3 
107.1 
36'. 7 
3o'o  .0 

/rr.7 

241.7 
.'04.7 
,  ZflT.4 

1  ron.  1 
?o  1.1 

14  41,9 

140*.  2 

1*07.5 

1907.4  ,  , 

1173.1  ’ 

1047.4 

• 

3.10 

3.1ft 

3. 16  , 
3.1ft 

5  1.16. 

7.1ft 

3.25 

3.73 

3.23 

3.  73 

3.73 

3,  j  j 

a.** 

J54.** 

•  147.  / 

♦  5 
074.0 

~.~44 

O.V* 

311.4 

700V0 

•  V-7.7 

looj.i 

I VI 4,0 

3 , 1  h~* 

3j  17 

~0.  h - - * - 

3.73  . 

FMU 

c.  •  0.010 

VOW-':  | 

iT/'.in.H 

Tol.  70 

tll'.-l  7 

7  7  FULL 

I'lTIft. 

f  9.440  *1 

I 

•♦♦♦♦  USING  DATA  CHECK  PAINT  AY  fANK  NO  47  ♦  ♦♦•• 


TAIH/Ht EL  CHECK  TANK 


INDICATION  OP  CALCULATION  AND  PAINT  OUT 

PAINT  TOAMAT  29  IUSINU  INDEA  DATA! 

TAIN  DATA  -I. OOO  0.0  1 .000  1.500  jloOO 

_ 1.3  LD _ a.Oflfl _ _ i.QOQ _ 

IICEL  DATA  -2.0JJ  -l.SOv  -I  .UO0  -*.500  0,0 

0.500  1.000  1.500  2.000  ' 

» 

DA  AFT  OATA  1.000  1.500  2.000  2.500  S.OOO 

_ 3000 _ A. Mil _ 5.500 _ 5.000 _ 3.500 _ 

4.000  7.L(lu  1.000  9.000  ID. 00b 

1 1 ;ouO  12. duo  U.O  0.0  0.0 


AMENDMENT  VALUE  0  INDICATION  OF  5CAIU 


INDICATION  OF  TUBE 

0 

SOUNDING 

TANK  AAAANGE 

I 

P/S 

OA  C 

EXCHANGE 

AATB 

0.0 

, 

♦  ♦♦♦♦  TUBE  DATA 

„ 

K-CUOO 

Y-COOO 

t-COOO 

1 

P 

1 

p 

s 

p 

0.  J 

l.QUQ _ 

_fl„0 

_Jl.O0U _ 

0*0 

u.o 

0.0 

l.ubo 

D.O 

A.  000 

0.0 

3.000 

0.0 

1.000 

0.0 

A. 000 

0.0 

u-.uoo 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

P.D 

0.0 

0.0 

0.0 

0.0 

• 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

_ b.fl _ 

Cf.U 

_L.il. 

,  ll.il 

_ O.Q _ 

0.0 

. 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

O.o 

O.o 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0  • 

0.0 

0.0 

0,0 

0.0 

0.0 

0.0 

0.0 

0.0 

0-0  . 

_  ll.J 

_l.v 

.0.0  ....  . 

u.o 

0.0  . . . . . 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0-0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

o.o 

0.0 

0.0 

0.0 

* 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

1  * 

0.0 

D.O 

U.O _ _ 

0.0 

b.ft _ 

O.i  • 

. 

0.0 

0.  0 

0.  0 

O.o  ! 

0.0  1 

0  #0  |  9  f 

. 

. 

* 

.  * .  - 

. 

... 

*  >  9  TRIM/HEEL  \%  IE  S 


TAIH/MEEL  CHECK  TANK 


CORRECTION 

TABLE 

OUE  TO 

TRIM 

fUNIT  I 

CN) 

_ &DUUQ. _ BlYDOH _ 

TR1H  f  HI 

BY  .STERN 

(HI 

-1.00 

0.0 

1.00 

1.50 

2.00 

2.50 

3.00 

3.50 

4.00 

r.ooo 

2. 

0. 

■  -2* 

'  -3* 

-4. 

-6. 

-7. 

-9. 

lazmi 

_  2.„ 

IKn 

.  -2.. 

-  ...-3..- 

... .  —4. 

_ -6. .. 

..  -7*. 

_ -9.. 

2.000 

2. 

0. 

-2. 

-3. 

-4. 

-6. 

-7. 

-0. 

-7. 

. 2. _ 

-2. 

...  -1. 

-4. 

-6. 

-7. 

-n. 

-9. 

3.000 

2. 

0. 

-2. 

-3. 

-4. 

-6. 

-7. 

-D. 

-9. 

_ 3.300 

2.  _ 

-2. 

-3. 

-4. 

-6. 

-7. 

-0. 

-9  , 

4.00;> 

2. 

0. 

-2. 

-3. 

-4, 

*6* 

-7. 

-0. 

-9. 

_ 5. 500 

1* 

0. 

-2. 

-3. 

• 

-6. 

-7. 

-0*. 

.  *-9. 

5.  OuO 

-1. 

0. 

—2. 

-4. 

-5. 

-6. 

-7. 

-o. 

-y. 

_ i.5QQ_ 

_ -50.  _ 

-  -30. 

—  50- 

...  -50. 

..  —50. 

-50  - 

-50. 

_ =50 

—50  • 

_ 6.000 

.  -100., 

-100. 

-100. 

-100.  . 

-100. 

,.-100. 

-100. 

.  -loo.  .. 

.-100. 

7.00U 

-200. 

-200. 

-200. 

-200. 

-200. 

-200. 

-ZOO. 

-200. 

-200. 

_ 0.000 

-300. 

-300. 

— 3w0» 

-3L0. 

-300. 

—300.  , 

-301  . 

-3C0. 

-300, 

9.  i ;uti 

~40ii. 

-400. 

-400. 

-400. 

—400  . 

-600. 

-400  • 

-400. 

— 40u. 

_ lo.oon  =5J0Qj _ 

JiiOO. _ =500. _ =500. _ 

-=5.0Qj _ =500. _ =5.00. _ =500. _ =3vo,_ 

11.000 

-600. 

-600. 

-600. 

-600. 

-600. 

-600. 

-600. 

-600. 

-600. 

_ 12.DQQ_ 

_ =70Q* _ 

=7.00, _ =700 

_=7Q0.„ 

-700, _ 

„-700._ 

-700. 

-700. 

_=700 . 

CORRECTION  TAdLE  DUE  >5  HEEL  IUNIT  l~CM» 


HEEL  I  DEG* I 

_ s  ouy  q » _ ppbt _ IJfSJU,. 


(HI 

-2.00 

-1.50 

-1.00 

-0.50 

0.0 

0.50 

1.00 

1.50 

2.00 

1.000 

14. 

10. 

7. 

3. 

6. 

-3. 

-7. 

-10. 

’-14. 

14* 

1U. 

7. 

3. 

L._ 

-3. 

-7. 

-10. 

_ =i4._ 

2.  uift) 

14. 

10. 

7. 

3.. 

0* 

-3. 

-7. 

-10. 

-14. 

_ 2.5QQ _ 

_1.4 1. 

_ JO,. 

7. 

,_3t 

0. 

-3. 

-7. 

-10. 

-14. 

3.000 

14. 

10. 

7. 

3. 

0. 

-3. 

-7. 

-10. 

-14. 

_ 3.500 _ 

— 

IQ*. 

7# 

3  , _ 

_  -3. 

-7. 

-10.  . 

.  “14. 

4. you 

14. 

10. 

7. 

3. 

0. 

-3. 

-7. 

-10. 

-14. 

HKHtfTTTHH 

lit. 

7. 

3. 

\jjt_ 

-3. 

-7. 

“J&t_ 

_ =14 

5»ov*o 

-1. 

-1. 

-1. 

.  -1. 

0. 

-4. 

-6. 

-11. 

-15  w 

_ 5,5.00. _ 

._r5o,. 

_r>  o.. 

- !T?-0f._ 

4.-30,. 

-50, 

_ -50. 

=50. 

6. boo 

-JOO. 

-100. 

.-100. 

-100. 

-100, 

-100. 

-100. 

-TOO. 

-100. 

7.000 

-200. 

-200. 

-ZOO. 

-zoo. 

-200. 

-200. 

-200. 

-2  00. 

-2  00. 

_ 8*JlQQ _ 

-=20Q*_ 

-300  L 

-3L'J. 

-3VV, 

_=2<m.»_ 

-3_yQ, 

-3./0.  — 3C0.. 

-3LO. 

9.000 

-4oO. 

-400. 

-4oo. 

— 4o0  • 

—400* 

-4u0. 

-4  00. 

-400. 

-400. 

_10^ poo  .. 

-500, 

-500, 

-5  00. 

-500. 

-500. 

-500. 

-500.. 

-500. 

-5  uo. 

11.000 

^ob. 

-600. 

-6  00. 

-6  00. 

-600. 

-600. 

-600, 

-600. 

-600. 

12.000 

-700. 

-700. 

-700. 

-700. 

-700. 

-700. 

-700. 

-700. 

-700. 

V 


m 


to 

CO 


9  TRIM/HEEL  \%  iE 


TAIH/HEEL  CHECK  TANK 


CORRECTION 

TABLE 

OUE  TO 

TRIM 

(UNIT  » 

CHI 

_ SJOUUQ* _ DlYOQU. 

TRIM  tH| 

0  Y  STERN 

|H> 

-1.00 

0.0 

1.00 

1.50 

2.00 

2.50 

3.00 

3.50 

3.00 

1.000 

2. 

0. 

‘  -2* 

—3* 

Hr  • 

-6. 

-7. 

-». 

_  2. 

..  V-HH 

.  -2. 

-  ..,-3... 

... ,  -3. 

_ -6, .. 

_  -7,.. 

2.000 

2. 

0. 

-2. 

-3. 

-3. 

-6. 

-7. 

-8. 

-7. 

f|Jil 

■mi  ■ 

•7  „ 

....  -3. 

—3. 

M 

-7. 

-9. 

3.000 

2. 

iK  a 

-2. 

-3. 

-3. 

-6. 

-7. 

-8. 

-9. 

3.300 

2  » 

H  • 

-3. 

H  • 

-6. 

-7. 

-8. 

-9. 

3.oo;> 

2. 

0. 

-2. 

-3. 

-3. 

-6. 

-7. 

-0. 

-9. 

3.500 

1. 

0. 

-2. 

-3. 

H  • 

-6. 

-7. 

-8.. 

.  -9. 

5.  UuO 

-1. 

0. 

-2. 

-3. 

-5. 

-6. 

-7. 

-y. 

_ S.5QCL 

—30. 

_ =5lk_ 

_  —50. 

...  iw,5Q> _ _ 

—  — 50  . 

_ =5Q.»_ 

-  -50. 

— 50  • 

_ 6.000 

.  =100 

-100. 

-100. 

-100.  . 

-100. 

,.-100. 

-100. 

-100. . 

..-loo. 

7*00(1 

-200. 

-200. 

-200. 

-200. 

-200. 

-200. 

-200. 

-200. 

-200. 

_ 0.000 

-300. 

-300. 

— 3  wtf  • 

— 310. 

-300. 

-300.  . 

-3  U. 

— 3  00  r 

-300, 

9.ouo 

-300. 

-300. 

-300. 

—300  . 

-3  00. 

-300. 

-400. 

-300. 

-30  J, 

_ IQ. non  -son. 

-=100. _ =500  . _ =500 

_=5.0Qjl. 

—=500. _ =500. _ =500. _ =3U0.„ 

11.000 

-600. 

-600. 

-600. 

-600. 

-600. 

-600. 

-600. 

-600. 

-600. 

_ 12.0QQ. 

_ =7  00  — 70Q  ^ 

-700. 

-700,  . 

-700, 

-700,  -700, 

-700, 

-700. 

CORRECTION 

TABLE 

OUE  TO 

HEEL 

(UNIT  I 

CHI 

HEEL  IDEG, 

>1 

_ SOUNQ»_ 

.  PPBT _ 

STARS. 

(HI 

-2.00 

-1.50 

-1.00 

-0.50 

0.0 

0.50 

1.00 

1.50 

O 

o 

• 

CM 

1.000 

13. 

10. 

7. 

3. 

-3. 

-7. 

-10. 

-13. 

■BTnTilil 

14. 

1  0* 

7. 

3. 

Lu. 

-7. 

-  JU»_ 

_ =l4._ 

2.  uwti 

13. 

lv>. 

7. 

3.. 

0. 

-3. 

-7. 

-10. 

-14. 

_ 2a5QQ.. 

_ 1.4... 

_ J  0  * 

7. 

_  ,_3t 

0. 

-3. 

-7. 

.  -10. 

-13. 

3.000 

14. 

10. 

7. 

3. 

0. 

-3. 

-7. 

-10. 

-13. 

_ 3.5QQ_ 

_ 14. 

IQ«_ 

7* 

3  * _ 

_&*_ 

_  -1, 

-7. 

-10., 

.  -13. 

3.U0U 

13. 

10. 

7. 

3. 

0. 

-3. 

-7. 

-10. 

-13. 

■miiH.n  iiii  ■ 

Hmlinl 

7. 

3. 

-3. 

—7  • 

“ICi- 

_ — J3 

5.\iv»v» 

-1. 

-i. 

-1. 

.  -1. 

0. 

-4. 

-e. 

-11. 

-15rf 

_ ?«500__ 

_ r50,.. 

_  .-50.  _ 

_ _T?.°r. 

J__-50._ 

i.“30.| 

4.-50.  . 

—50,  _ 

-50. 

"  -? 

=50. 

6.600 

-J00. 

-100. 

-100. 

-100. 

r?pot. 

-100. 

-100. 

7,000 

-200. 

-200. 

-ZOO. 

: -zoo  • 

-200. 

-zoo. 

-200. 

-2  00. 

_ SaJlQQ_ 

_ =300, _ -300. 

-3Lj. 

-310.  -30.*.  -3y0. 

— 3^0j, _ 

— 3C0.. 

-31Ul. 

9.000 

-3oO. 

—3  00. 

-3uo. 

— 4oO. 

-300. 

-4o0. 

-3  00. 

Bx*  *n® 

-300. 

_ IP.*  poo 

-500, 

—50^ 

_r5oo. 

-500.  _ 

-500. 

-500. 

-500.. 

BIT  j,fg| 

-5  uo. 

11.000 

^ori. 

-600. 

-6  00. 

-6  00. 

-600. 

-600. 

-600. 

Soi  i  v 

-600. 

12.000 

-700. 

-700. 

-700. 

-700. 

-700. 

-700. 

-700. 

-700. 

3H/TOHX  6 


(PARTLY  FILLED)  I  25.0  DfG. 


MOLD  NO.  FOR  HEELING  HT.  CALCULATION 


r.t  r  t  an  niv  i  r.t  f  ■.«  n>  j 


-  HATCH  COAMING 

HATCH  TYPE  DREAOTM  LENGTH 

T - JTJ5R  f - - 

(MJ  (Ml  (M| 


HEIGHT  DISTANCE' 
IT“C“.L".  FROM-  CTLT 
(Ml  (Ml 


—  HATCH  COVER  — 
HEIGHT 


MT. 


GRAIN  HEELING  MT. 


♦  r Alii  Kio;-'JT-j  j  ~i?c?ldNJir  A4f*  "  **♦**' 


JfCTION  AT  FA.  14B.  i'll  01  FF  EAENf E  0.0 


EVEN  M.l. 
li)Ve  ll~ 

l'. 

-  ?.C.« 

HU 

- 1.  lO/l- 

A.  uOu 

t.OSG 

- 

6.C0-. 

6 .  * }u 
T.00  0 

- rr^on- 

p.o  . 
—  -Mil 
V .  00  <i 
o ,  1J  0— 
10.000 

»,’!(0 : 
t.HOOi 
_  1  1.000 
1  A  .  cu  t‘l 
I '.TOO 

— rrrr  jt~ 

|/..  AOS 
~  11.000“ 
17-65** 
I7.«A1  • 
.r,  • _ 

lo.  D? 

1  v.OOo-' 
?v.  l  l)U 

io;m  *■ 


SfC.ALIA  CL  *11  KG  HI 

"uo.s  r*rs(r;M-»M  ruo.H  *«  i 

- EVf N  M.L.  - 


0.0 

-  !,£ 

0.0 
o.c- 
0.0 
- n:r 

6  0. A 

'•*  144.6 ' 
213.4 
.no.; 

*  11.1 

— 

1.19.  I. 

— r  i  i .  n  “ 

“■»  »oi;  6~ 

I J5A. 6 
~ ii7«:7 
l°61.t 
"l.’Pfi.V 
1160.6 
“■jiio.r 

31H.A 

““ jtoirrr 
1661.6 
”  1661. 7 
3665,5 

~J66r..  6  ■ 
3661. 1 
— 3  f/:  p- 
1661.-1 
■  366*:.  S 

3661. > 

mo;*' 


AlAf*'  *■'  /i/n  Af 

'HEEi.mroF 'srr.MU'  — Kf 

110. H  AN  ) 

'IIEU.AMciE'ir.O'OEC. - 


.A  .AT 
~  2  >.14" 

AA  .47 
—  lo  .61 
11.10 
— oiTin- 
.*.r  .00 
'•J  .H  .10 
I  '.0  .  i  o 

"  »<6:>r 
1 1;  .ao 


,  “2/2.1/. 
j  :o*.9i 
i  -  260  .71  - 
1  1/1.01 

- lATTnn- 

-  ...  1.1  /  *71 
757 .73“ 
117.13 

- U7.71 ' 

117.73 

- JT7T7  7” 

117 .7* 

- 157  ;71" 

117. 7J 
- 317  .7V 


ITAAN.T 

- oro- 


0.0 

—  G.C“ 

0.0 

- o;o_ 

-101'. A 
'  -166.7  - 
-494.4 
“  -A20.2' 
-74?. 7 
—=01777"“ 

-919.1 

”  -077.1“ 
-1016.0 
"icm;6" 

-1019,2 

“774711" 

-907.3 
-113.2'" 
-710.1 
“  564;  2" 
-166.9 
~^n<77_ 
0.0 
0.0"' 
0.0 

- 0.0" 

0.0 
i  *  , 
0.3 

“G.C  ' 

0.0 

. . 0.0" 


I  VFAl.l 


0.0  1 
“'  0.0'““C 
0.0  0 
— oro — r 

17.1  0 
"40.9  "'C 

67.1  0 
VS,  A  —  0 

173.6  0 

“MIM — 0“ 
170, 2  0 

'106.6  0  ' 

190,#  0 

“206;i - 0  ■ 

200.  A  0 

“171*70 — rr 

17  A.  4  v 

Tfl.3  ' 
141.1  0 

“  *9.4  "  0  ■ 
55.  7  il 

~ ff74 - F“ 

0.0  1 
0.0  ''O' 
0.0  1 
“0.0  ■'  1  “ 
0.0  0 
— ore — — 
o.o  i 

“0.0  "O' 

0.0  0 

— 0.0  •  I  ' 


voio  vntn  Anr#  cl  mt  iu  ni  vino  area 

■  •  nrpnr - ts,»:*m-'isi:h»4|—|m.h«hi  ■  cri.m 

H  I  - - r Vf  N  M.l.  -  - 

0.72B  ’"O.’O  ”  ii.  u  '  0.0  "*  0.0 

ok.  total  t ia*h , j*c.  o.r.  vr« 

- nr-r_rT- - 1 1 

ire. TOTAL  TBAUl.lif.  0.6  VI A 

. , - uni  nr; -  ■  -  n 

Kriiovum*. H6.0v^'  Mrre^«vcF“o.'44o  m - 


■  CWi.MI  m.M*H1“' (10.HAN1 

-  heel  m.i.  - 

"0.0  '  0.0 . 0.0 

vrKi.irc.  o.o 

- iirErwr: - 

VI  AT. SEC.  0.0 

-  HEEL  Hf. - -  ' 


Tv-irwru: — irrmnc - nrni - kit  nr~ 

A rOV5  ill  I50.H  |  IS'J.K  »N  J  ISOiM  *H  | 

....  |<4  j  w.i'.' 


•  irFl'.HT  OF  trc.  AREA  . 

—  liars- att - 

Hf  L.AUGl E  25.6  oro. 

I  r  AAM.  |  I VT  AT.  1 


I.V91 

0.0 

0.0 

0.0 

0.0 

0.0 

2.100 

"0.0 - 

“  0.0' 

■  *  0.0 

0.0  *  ' 

0.0 

*.  one 

o.o  • 

0.0 

0,0 

0.0 

0.0 

GRAIN  HEELING  MT. 


~£UHHX(rrTAm:irnF~vnrn  run  in  muD“coHPARTH£Nr'ftfEOGr"ANGLE'i5  7fl'T»Efi7) 


CO 

oo 


23  NO. 3  CARGO  HOLD 

lFft.14ft.000  *  FA  t 

U3.000J 

« 

I UNDER  UPPER  OFCKJ 

DTFFi  0.  CO'T  D IFF...  ClCOT 

COMPART  HE NT 

POSIT  IOH 

AFT  FOAF 

- NO. 

"VOID - VOID' 

Or-P7H  VOLUHP 

T7V01D 

VOLUME 

VDC.HEEC 
TRANS.  - 

•  HT5 - 

VERT. 

AFT  PART  OF  MAT  CM 

FH,  0  IFF. 

148.0:0  0.0 

FR. 

134.000 

DIFF. 

0.0 

1 

~TKT - rCOTTHT” 

0.728  27.01 

fCXHITHT 

IH*44» 

- POF4T 

HATCH  PART 

134.000  0.0 

169.000 

0.0 

1 

SUffT^TOTAIT- 
0.130  147.57 

kj 

132.0 

- =1775" 

FORE  PART  OF  HATCH  149.060  0.0 

175.000 

0.0 

1 

SUM.  TOTAC 
0.726  50.30 

14776 

546.5“" 

=7479" 

* 

. 

- san  total 

DECK.  TOTAL 

■  inm 

225.7 

— 2iv;v“ 

973.4 

- =T17T 

-124.2 

'4 

CRANO  TOTAL 

225.7 

973.4 

“124.2 

^jTf "  ••  11-  r.x  <r.T  mm  — aw >!■  111  >1  ■■>■■■»  wif 


ffrrxirTJrTOLnHFrjnc-  iiefL'iNt  ~flOHFNr~ATnFn:rro“CD>iFAA‘TH  ent~  n<r  eon(T”ancitt5To— d  e  cm - 


TRAN. VOL. 

VERT. VOL* 

N(l. 

LUHPAH I  HEN! 

NAME 

PUSTTIDH 

AFT  FORE 

vtmuHn 

(CUft.Hl 

nrc  kc 

(HI  •  (MJ 

— nnr~ 

1 M 1 

— “irnETTHTT- 

| M*  *4| 

— HFFmrn - 

(H**4| 

23 

NO. 3  CARGO  IOLO 

IFA.14B.iT0  -  Fft.  175.  Oil-l 

90  61  Jt  9 

“33.273-  10.124 

o 

* 

o 

973.4 

124.2 

OIFF.  0.000  DIFF.  0.000  _____  - - - - 

A  f*  1  r  AR  |  UF  HA1CH 

IFR.I4U.000  -  FR. I547UOOJ 
OIFF,  0.0  OIFF.  0.0 

•  L5T7U 

~  rrrs 

• 

HAT  CHI’ ART  ~ 

~TKR. 1547000  -  FA71S9. 0007 
_  OIFF.  0.0  •  OIFF.  0.0 

541*75 

- T479 

rimt  r  An  1  U r  HAICH-  IFR. 169.000  “FH.175.0001 
OIFF.  0.0  OIFF.  0.0 

- 27479 

- JTTT - 

GRAIN  HEELING  MT. 


~iJ  KorrtAfifro  Morn  TFirnTO7rarir=-M-;i 7573307 - TXNinrov wh”” nw  h - rxflK“TOP-s“2ff7n5“K 


.  uirt-.  ij.ouu 

PI  rr .  0 

.001 

IO1TVV0L. 

vtftt  -vm  i 

DEPTH 

NET  V. 

KG 

LOG 

TCG 

HEEL .MT. 

HEEL.HT. 

HP 

AflOVE  fll 

AflllVF  MO. 

ICIioTH  r 

"  IH  } 

IH  1 

(H  I 

T25.0  Dt Gl  r7570  LCG1~ 

IN  1 

OOTT.IH  ) 

•' 

IM  *441 

IH  4*4) 

1  .995 

6 .0 

.  0.0 

1  .19  5 

“5.0 

0.0 

0.0 

0.6  1. 

2,500 

0.50-1 

235.43 

2 .  M  /. 

-33.T41 

0.0 

26  It  .9 

274.2 

0 

*3 ,0V) 

1 . 5  A 

^  472  *3 

ZTTTv 

~33754T 

"“ti.o 

i7CW70~ 

- m:r~ 

“0 - - - 

3.240 

1 .241 

5(17.40 

2.726 

-13.841 

0.0 

6  7?*  .2 

*20.6 

1 

3.5i>6 

1.505 

r/j.Bk  /.nil 

-43.795 

0.0 

75  36  .7 

11 60  VO  " 

0 

4.ono 

2.003 

994.46 

3.051 

-33.74  1 

0.0 

1  9903.9' 

1661. T 

0 

4.405 

<r«  $  v  5 

rSf'T.Tl 

3.31  r 

-33. 71 2 0.0 

- mi  no 

213774 

I - - 

5.000 

3.001 

1173.23 

3.  509 

-3  3.601 

0.0 

14369.4 

265C.5 

0 

5 .50C 

3  .501 

10  iso.  7} 

3.051 

-33. 531' 

“  073 

163 19 *R 

- 317773 

“0 - — . 

6.  000 

A. 001  ■ 

2202.33 

4.119 

-33.476 

0.0 

18124.9 

3590. *> 

0 

ft  *5  00 

4.565 

5533.05 

4.  379 

“3  3.43  T 

o;o 

14703.0 

- 4001-1— 

“0 - - - — 

7.000 

3.001 

2072.48 

4.604 

-33. 398 

0.0 

20981.0 

4327.7 

0 

1 ,5  1 . 

5.5.3 

32  ffiTlTT 

4.950  -33.370  0.0 

21911.0 

.  454976  ' 

0 - - - - 

O.OOj 

A. 005 

31tO. 2P 

5.  22  0 

-33.340 

o.b 

22409.4 

466  1.3 

0 

(1 .530 

6  •  5  01 

3*04.10 

5;  49 4  " 

~= 33733TT 

070 

- 2705779“ 

- 470075 

U - - 

9.000 

7.005 

4240.06 

5.758 

-33.  31  5 

0.0 

22*28  .9 

4696.7 

0 

9.5oO 

7 .561 

417*!  .96“ 

6 '.61 9 

-33. 30  2 

0*0 

22854 .4 

465071 

u - 

— . .  " 

10.000 

8.005 

4935.86 

6.  279 

-33.291 

0.0 

22592.2 

4565.8 

0 

j  »  .  •  »  » 

•176' 5 

5623.64 

6.  7915 

-33.273“ 

5.0 

- 21513“.  9“ 

429474'“' 

0 

17.003 

10.305 

6311.42 

7.300 

-33.258 

0.0 

19710.9 

3904.9 

0 

1 ? .0  uu 

lo  •  n  u*j 

&IW>1 «  A  6 

777 rs 

'-33i249 

070 

m2  479“ 

- 351775 

u — - 

1 3.0wo 

11.005 

6992.19 

7.770 

-33.247 

0.0 

17157.8 

3403.8 

0 

1 A i0  Cj 

12.005 

7672.5  2~ 

fl.  207 

—3  3.230 

0.0 

1 42  30 •? 

2097.6 

0 

n.3 » 

13.005 

0194.50 

0.719 

-33.232 

0.0 

11414.1 

2473.8 

0 

1 6".  5175 

r  470  53 

Fli'OTTF" 

9.1-9  6 

-3  3  §  22  0  0*0 

86*6  379 

ir-4  577» 

u 

1  6.415 

1  A  *490 

non  'iAO 

9.259 

-33.226 

0.0 

7351.6 

1014.8 

1 

17.000 

.oiii 

,  «j(t 72  •  5  4» 

4 ,  1 6 

“=3772  33" 

070 

mvw7*f~ 

- r  55077— 

u — - - 

_ 17.6  59 

15.AA4 

9?oi).7A 

9.607 

-33.  24  5 

0.0 

4541.2 

1206,9 

t 

1  7  »T  *0 

I5.v  M) 

9340.23 

9.40  3 

-73.  25  4“ 

u«o 

3940VI— 

105575 - 1 

10.3 l> 

IA.005 

9405.61 

9.697 

-33. 256 

0.6 

3023.5 

1025.8 

0 

Jll./Ai  16./5U 

9673.79 

9»7iftP 

-33  V?  7  5“ 

0.0 

2271.B' 

614.9 

0 - — 

10.133 

16.038 

9635.66 

9.90  5 

-33.277 

0.0 

2122.3 

'  580.1 

1 

19.000 

17*t)uV 

9664 .43 

"=7377777 

“  070 

1W.2 . 

'  5T77T5 

u - — 

70.000 

18.005 

9836.71 

10.099 

-33.  273 

0.0 

738.3 

118.1 

o 

quoins  io*ipu 

VU61.6V  10,124 

— — - - 

-33.2/3  0.0 

_ 1 _ 

nm- 

U4.4 

“I - : - 

...jCrtrU./it.. 

,  .1  *  • 

■ 

i  1 

1 

1 

-J:l£jL€L 

r"-  V 

GRAIN  HEELING  MT. 


5uMhW~T  a  oil 

irFn7imjHfTRic~-nt'ECi^(rHoReNr"Ar~FrrrffrT:oHpxftt'HrNT_'(nEcnNr,  ANGrr~i5.o  ore.  i 

TRAN. VOL.  VERT .VOL* 

NO. 

GfJRPARTHfrNT 

VOLUME 

fcua.H  i 

ter, 

IH  1 

KG 

IH  1 

Htt  L*HT7^ 
CH  444» 

hEelTht. - - - 

(H  »*4l 

21 

NO.  1 

CARGO  HOLO 

7067.02 

-74.991 

10.613 

1021.0 

100.4 

22 

NO.  2 

CARGO  MO  1.0 

9923.09 

-54.775 

10.157 

1  131.2 

112.4 

23 

NO.  3 

CARGO  HOLO 

9861.69 

-33.272 

10.124 

973.4 

124.2 

24 

NO. 4 

CARGO  HOLO 

9941.45 

-11.637 

10.121 

1059.4 

1C4.6 

25 

NO. 5 

CARGO  HOLD 

9967.70 

9.900 

10.141 

1  132.2 

112.6 

26 

NO. 6 

CARGO  HOLD 

9041 .711 

31.770 

10.172 

>  1  132.2 

112.5 

27 

NO.  7 

CARGO  HOLO 

9106.09 

52.760 

10.569 

1178.4 

118.1 

1) 

NO. 3 

T.S.T.  IP/SI 

1191  .93 

-22*300 

16.595 

4266.6 

1793.2 

1  S.  SI  OP  » 

4143.3 

1792.9 

IP. SIDE! 

123.3 

0.3 

12 

NO.  4 

T.S.l.  IP/SI 

1191  .80 

20.899 

16.595 

378.3 

46.4 

(S.SI0E1 

252.1 

33.6 

IP.S10E1 

. 

126.1 

12.8 

11331.96 


0.0 


0.0 


O 


m 

w 

w 

r* 

i — i 

g 

o 


40  HO. 3  C.H.  11N  DEf.Kl 

41  NO. 3  C.H.  1  CHECK  1 


8354.00 


33.100  10.765 

33. 100  9.680 


0.0 


GRAIN  HEELING  MT 


NO. -A-  CARGO  HOLD 

C  FR.  1 21 .000  -  FR.  1+8.000  ) 
bift.  -jxa  mrr.  ajooo' 


2J0a 


♦♦ 

GGO 

TAftLE  FOR 

OPERA! INAL  INFORMATION 

• 

** 

*  OUTPUT  UNIT 

TTgn-  o 

*  MINIMUM  OISPT 

■  20000.  *  HAXIMUM  01  SPT- 

566ooT“i“ 

interval  Dim. 

soo. 

TANK  NO 

• 

SG 

WLI  11 

INERTI All! 

WLI  2| 

INERTtA  t  21 

WLI  31 

INERTI AI3 1 

ML  <4  1  INERT!  A|4) 

6 

1*025 

0.0 

0. 

0.0 

0. 

0.0 

0. 

0.0 

*  o. 

7 

1.025 

0.0 

0. 

0.0 

0. 

0.0 

0. 

0.0 

0. 

A 

1.02*5 

0.0 

6". 

6.6 

6. 

0.6 

0. 

6.0 

~~W. - 

9 

1.025 

0.0 

0. 

0.0 

0. 

0.0 

0. 

0.0 

0. 

1C 

l.t'25 

0.0 

0. 

0.0 

0. 

0.0 

0. 

0.0 

0. 

n 

I  .025 

0.0 

0. 

0.0 

0. 

0.0 

0. 

0.0 

0. 

i* 

1.025 

o  .0 

0. 

0.0 

0. 

0.0 

0. 

0.0 

14 

1.025 

0.0 

0.  • 

0.0 

0. 

0.0 

6. 

0.0 

0. 

t  5 

1  .025 

0.0 

0. 

o.6 

6. 

6.6 

6. 

0.0 

6. 

i& 

1.025 

0.0 

0. 

0.0 

'  0. 

0.0 

0. 

0.0 

0. 

1  7 

1.925 

u.o 

0. 

0.0 

h* 

0.0 

0. 

0.0 

0*  . . . 

l  A 

1.025 

0.0 

0. 

0. 0 

0. 

0.0 

0. 

0.0 

0, 

‘  19 

0.950 

0.0 

0  • 

0.0 

0. 

0.0 

'  0. 

0.0 

20 

0.950 

0.0 

0. 

0.0 

0. 

Q.O 

0. 

0.0 

0. 

21 

0.900 

0.0 

0. 

d.6 

0. 

6.o 

or 

0.0 

0.  / 

22 

0.900 

0.0 

0. 

0.0 

0. 

0.0 

0. 

0.0 

0. 

23 

1  .  UtlvJ 

0.0 

6. 

0.0 

(». 

0.0 

0. 

0  .0 

0* 

♦♦  calculation 

TANK  NO 

• 

*  TITLE  ♦ 

* 

. 

6 

7 

5  9 

10 

ii  13 

TTT5 

n 

li  0 

o  o 

IT 

OALUSt  wXTST 

* 

23 

0 

0  0 

0 

0  0 

0  0 

0 

0  0 

0  0 

0 

FRESH  WATER 

19 

20 

0  0 

0 

0  0 

d  o 

0 

0  0 

0  0 

0 

FUEL  OILIC-OILl 

...  ...... 

21 

22 

a  u 

0 

<1  6 

0  0 

0 

0  o 

0  o  ' 

0 

FUEL  0ILIA-01LI 

0 

0 

a  o 

a 

0  o 

0  0 

0 

0  0 

0  0 

0< 

•  • 

0 

0 

0  0 

0 

0  0 

0  0 

0 

0  0 

0  0 

6 

0 

0 

0  0 

0 

0  0 

0  0 

0 

0  0 

0  0 

a 

0 

0 

0  0 

0 

0  0 

0  0 

0 

0  0 

0  0 

0 

0 

0 

0  0 

0 

0  0 

0  0 

0 

0  0 

0  0 

0 

*  ! 

... 

' 

*  * 

■  '  '  '  *  “•* 

. . . . .  •“  * . . . 

6GQ  f ARLE  01 SPLACEHENI  pATA  ♦♦+ 


OTSPT  N0*» 

61  4  MINIMUM  OISPT- 

20606. 

*  MAXlHUff 

oiSp'1- 

TooFu.  •“ 

INTERVAL"  OI$*YF 

• 

20000. 

25000, 

_ 30000. _ 

20500. 

25500. 

30500. 

21 000. 
26000. 
31000.  , 

21500. 
26500,  ‘ 
31500. 

22000. 
27000. 
32000. > 

22500. 

27500. 

32500. 

23000. 

20000. 

33000, 

23500. 

*  20500,  . 
33500. 

24006. 
26o60 ,  * 
34000. 

24566. 

*9306.*' . 

34500. 

35*66o . 

A  0000 , 
A5000. 
50000. 

53366. 

40500. 

45509. 

* 

A 1000  . 
46060. 

"5£3fi6.  • 
41500, 

4  6566. 

1  57666*. 

42000. 
47u00  . 

T7566. 
425L0* 
4  75  uo. 

'3666*6. 

43000. 

4Au0O* 

JA566J 

435Cjb. 

40500. 

3'dflOfl* 

44000. 

4  9000. 

1^563  *  * 

44500. 

49500. 

“90^4^ 


TANK) 

BALLAST  W 

NQ.l  7.  I.  TNQ. 

01  SM. 

.  ir/si 

«HT) _ 

i*C»  *1 1»025  $  « i 

20000. 

0.0)2 

20300. 

0.03) 

21003. 

0.  09) 

21 9  Ui). 

6.u79 

22000. 

0.019 

22300. 

0.021 

24000. 

0.02  7 

)34l<1. 

0  .017 

)4  000. 

0.0  24 

24400. 

0.024 

19000. 

0.029 

23400. 

0.029 

240(0. 

0.0 14 

24400. 

0.014 

)1Uuu. 

0.07) 

2  2466. 

o.  621 

20000. 

0.02) 

27400. 

0.072 

)•»).•.  . 

•2. 3)2 

29400. 

6. Oil 

;f6oft?r; 

67631 - 

30400. 

0.021 

31000. 

0.020 

3141.0. 

b.0)0 

37000. 

0.0  :o 

32400, 

0.019 

33000. 

0.0|9 

33400. 

0.019 

34006. 

6.01* 

34100. 

0.314 

34000. 

0.0  111 

35400. 

5.610 

940o6. 

0.019 

34500  . 

6.0H 

170 J J. 

0.017 

37403. 

0.011 

31000. 

0.01  2 

16?o<r7 

oTfilS - ; 

39000. 

0.0 l&  i 

)V4o>; 

0.314 

K^MAftK  l 

IMF)*  VALUFS  ,i 

r  an  iv  fmi 

SUOFACI 

) 

IFFECT 

♦ATI* 

I  T.  t.  f NO 

•9  7 •  J. 

1N0.4  t.  9, 

ir/si 

.  « P/S 

.  IF/)) 

i 

.  02) 

f.Q. *!• 05 

0.040 

0,040 

0.040 

6.03* 

6.0  3* 

0.03* 

t.039 

0.0)4 

0.039 

0.0)2 . 

0.9)7 

0.0)7 

0.6)9 

0.03  4 

*0.0)4' 

0.039 

0.0)9 

0.0)9 

0.034 

0.0)4 

0.019 

0.0)4 

0.094 

0  .034 

0.03) 

0.0)1 

0.031 

0.6)2 

u.6)  ) 

0.6)3 

0.0)2 

0.0)2 

6.01) 

0.0)1 

0.0)1 

.  0.0)1 

0.0)1 

0.0)1 

6.6)| 

0.0)0 

6.0)0 

0.0)) 

0.02* 

6.030 

6.6)*  “ 

6.6  ,)4 

6.02* 

0.024 

0.071  . 

0.029 

0.029 

0.0)9 

0.021 

0.32? 

6.677 

6.627 

0.027 

0,0)7 

6. O^t 

O.ffii 

-6.02r~ 

d.otr" 

0.024 

0.03  4 

6.62  4 

0.024 

0.0)4 

0.074 

•1.039 

6.07  9 

6.61  i 

0.0)9 

0.02  9 

0.029 

0.u24 

0.01  9 

6.029. 

6,624 . 

6.624 

6.02  V 

0.0)4 

0.024 

0.024 

0.0)1 

0.02  3 

0,021 

6.0» 

0.0)3 

6.623 

VtUll 

O.oJJi 

0.02) 

JT.oil 

"O'.oi ; — 

6,021 

0.022 

0.02) 

0.02) 

0.0)2 

0.0)2 

0.02  2 

v.*7| 

0.622 

0.172 

6.0)| 

u.o)l 

0.01 

O.o)l 

0.0)1 

0.021 

6.62  f 

"o;6)i 

- 0.02  1 

6.0)0 

4 

0.0)0  ; 

0|*Q7b 

J  •  j  2  3 

0.6)0 

0.670 

UVSI 


0.042 
0»04| 
0.040 
0.03V 
0.031 
0.032 
0.0)7 
0.0  >5 
0.  0)4 
0.0)4 


0.0  34 
0.03) 
0.0)1 
0.0)1 
0.031 

"o.6)r 

0.0)0 

0.0)0 

6*02* 

0.0k* 

'0.629" 
0.  021 
0.0)7 
0.0)7 
0.0)4 
0.074 
6.024" 
0.0)9 
0*0)9 
0.0,74 


0.0)4 
~b.on' 
0.02) 
0.03) 
0.0)3 
0 .  a  ?  2 
0.03) 

’  6.0)2" 
0.02) 
•o’.on 


CO 


2  >  t  GG  o 


CA  AO  INPUT  DATA  ♦♦+ 


TITLE 

TAIN  TAOLE  » 

OAAFT 

COTAECT ION  TABLE  BV  LOADING  UK 

WFIGHT 

100.00 

IHT1 

HIM.  OAAFT 

2.n00 

“Tiff" 

• 

MAX.  OAAFT 

1 ?. 000 

IH) 

IN TE AVALS 

0.300 

(Hi 

UNIT 

0 

TANK  NO. 

6  7  n  9 

in  n 

13  14  IS  U  17  HI  0  0,0  i 

i«  ?t  ?i  ??  ?-\  o  o  c  a  o  a  o  o  o  n„ 

31  32  311  34  35  0  0  0  0  0  0  0  0  0  0 

oooooooooooaotia 
o  o  o  5  o  n  o  6  'o  6  h  o  6  o  o 


AftOFO  DATA 


TANK  NO 
C 
0 


TANK  NAME 


H.GIM1 

0.0 


WEIGHT 


/  ffO*  /  '>,*  ~V  kz  OUTPUT 


tftTH - HoTf 


ORAFT  (H| 


TANK  NAME 

— 2T?r- 

J.5 

—JTiT 

3.5 

4.0 

— j~z - 

NO. I  T.  S.  T.  IP/SI 

FWO 

9.1 

8.9 

n.7 

A. 6 

B.5 

A  *5  . 

* 

AFT 

.  *-5.0 

v4. 8 

-4.7 

-4.6 

-4.5 

1 

i 

t 

! 

I 

1 

• 

f 

NO. 2  T.  S.  T.  IP/SI 

FWO 

•  6.2 

6.1 

6.0 

5.9 

5.9  ‘ 

5.9 

~X¥\ 

-1.8 

-i.7 

-1.6 

-177“ 

-1.5 

-1.5 

N0.3  T.  S.  T.  IP/SI 

FWO 

3.0 

3.0 

3.0 

3.0 

2.9 

3.0 . . . 

AFT 

1.9 

1.8 

1.8 

1.8 

1.8 

1  .7 

N0.4  T.  S.  T.  IP/SI 

FHO 

-o.  a 

-0.1 

-0.1 

-0.0 

-0.0 

0.0 

AFT 

5.4 

s.* 

r».f“ 

4.1 

5.0 

NO. 5  T.  S.  T.  (P/SI 

FWO 

-3.5 

-3.3  ‘ 

-3.2 

-3.1 

'  -1.0 

-3.0 

or  • 

n  "» 
p  •  C 

ft  A 
r  #  vp 

■  •  •  '» 

HiW 

8.3  . ’ . . 

N3.1  W.  0.  T.  (P/SI 

FHO 

9.2 

9.0 

n.n 

8.7 

8.6 

n.6  1  ^ 

~An — 

-5.1 

“=7.9 

-4.  a 

•  i 

|> 

NO. 1  W.  A.  T.  (P/SI 

FWO 

3  .0 

2.9 

2.9 

2.9 

2.9 

2.9  .  . ’  vl, 

AFT 

1.0 

1.9 

1.9 

1.9 

1.8 

1.8  . • . 

NO. I  w.  n.  T.  (PI 

FWO 

-3.4 

-3.2 

-3.1 

-3.0 

-2.9* 

-2.9  * 

AFT 

0.1 

n.9 

n.7 

n.4 

R  .3 

fl*2  VJ 

i 

NO. 5  W.  9.  T.  (SI 

FWO 

-3.2 

-3.0 

-2.9 

-2.8 

-2.7 

-2.7 

AFT 

A. 9 

8.6 

n.4 

8.3 

0.1 

A  .0 

FORT  PEAK  TANK 

FWO 

11*4 

11.3 

u.i 

■  11.0 

to. n 

10.  A 

“XPt 

-7.9 

-7.6 

-t.  4 

-7.2 

-1A 

-7.0 

t 

AFT  PEAK  TANK 

FWD 

-R.3 

-n.o 

-7.8 

-7.6 

-7.5 

-7.4 

AFT 

14.7 

14.3 

14.0 

_13.T 

13,4.. 

_ 13.2 

NO. 3  CARGO  HOLD  IWRI 

FWD 

3.0 

3.0 

3.0 

3.  0 

3.0 

3.0 

A^T 

•  1.0 

1 .8 

1.0 

1.8 

r  ,r 

1.7, 

REMARK  I  T ARLE  OF  CHANGE  IN  DRAFT  IN:  CEN1JHETERS  . 

FOR  EACH  •  100*  TONS  AOPCOj  !  .  '  •  r 


4* 

Ul 


-JAUK21iQL0_CA£AC  ITY  SUMMARY  TAIU  F _ 

-^-CALCULATION  UNIT  SIGN  »  0  0 


♦  +  SNQ2-58 1  ♦» 


_fiA.I£. 


•<*- 

o> 


.♦izr-r-f - TAN»t/Uni.n  APPLICATION  DATA  4* - *> 


JUNO— OE_C  ARGO  l  TYPE  OF  TABLE  0  CARGO . TULE _ Efl£SH  MA3£fl  TANK 


-JAMAIOLILNOa-SUIII _ 23. 

■JANK/HQl.n  HDa-Smi2 _ fl. 


.0.  .0 . a _ o o _ o. 

.a — a _ o _ o  a  a 


.o _ Q-_._o _ o.. 

.a _ a _ 0., o. 


.0 _ Q_ 


.0 _ 0 _ 0. 


.0 _ 0 _ CL 


- CAECLIYU.I _ CUa.JL 

- CA&ACIiy.J2i_CUQ.FT...  WEIGHT.  NAME  OF...CARGO _ WEIGHT 

.  ■  V  .  .  u.  ...u  . 

TsiOQ 

_ M— 

* 

_U _ 

_ entity  Ml  i.flfl, 

ilfin  .Z  CONYET.  .121 

33.31467  i  CARGO 

SPECIFIC 

p fl  A  V 1  TY 

1  .000(10 

0  UFTOHT  UNIT 

HT 

V 

_ 

FRESH- 

WATER  TANK 

S.G.  •  1  *i 

aoo 

. 

TANK  NAHE 

FR .NO. 

CAPACITY 

WEIGHT 

CENTER  OF 

GRAVITY 

cun.H 

CUB. FT 

100  t 

pure 

•4HTI 

CC6 

“1 Tft“ 

FRESH  W.  T.  (P/SI 

9  -  17 

385.39 

13609.8 

385. 

70.33 

12.99 

**  ♦*  TANK/IIOLO  APPLICATION  DATA  *♦ - *«■ 

KINO  OF  CARGO 

2  TYPE  OF  TABLE  0  CARGO  TITLE 

FUElT  oil  tank 

TANK/HOLD  NO. 

SUH1  '  19  20 

.0  0  0  0  0 

0  0 

0  0 

0  0  0 

0 

0 

0 

0 

TANK/IIOLO  NO. 

suh?  a  a 

OOOOO 

0  •  0 

1 

a  o 

0  0 

0  0  0 

0 

0 

0 

0 

TANK/HOLO  NO. 

sunt  a  o 

0  0 

0  0 

■ 

0 

0 

0 

CAPCI1YI1)  CUa.M  CAPACITY!?!  UARflEL  WEIGHT  NAHE  OF 

CARGO 

WEIGHT 

t«  96 

• 

COUVET  |lj  1 »OOOQQ  z  CONVEX  <2t-  A. 20901  I, CARGO  SPECIFIC  GRAVITY  0.95000  0  WEIGHT  UNIT  NT 


^  —  -£r  — “  f)  K  £ 


(  47  ) 


9  >  ij  -T-y'ji- 

C  ft  FORM] 


FRESH  WATER  TANK 


TANK  NAME 

ero  Kin 

CAPACITY 

WEIGHT 

CENTER  OF  GRAVITY 

rK. NU • 

OJB.X 

100  X  FULL  | 

LCG 

K  -G 

CUB.FT 

CHT)  j 

CM) 

CM) 

FREW  W.  T,  f P/S) 

9—  17 

3BS.39 

13609.8 

386  } 

78.35 

12.°9 

* 

FUEL  .OIL  TANK  s.g.  -.0.950 

TANK  NAME 

FR.NO. 

CAPACITY 

WEIGHT 

CENTER  OF  GRAVITT 

CUS.N 

BARREL 

96  X  FULL 

LCG 

K  G 

cxt“) 

fM) 

CK) 

N0.2  F.  0.  T.  CP/S) 

139-  173 

1526.5S 

9601.7 

1332 

-36.65 

1  -AS 

NG.4  F.  0.  T.  fp/S) 

71-  tOS 

IS47.33 

9733.7 

141 1 

17.58 

IjU 

TOTAL 

307JJX 

I933S-4 

2C03 

DIESEL  OIL  TANK 


TANK  NAME 

, 

FR.NO. 

CAPACITY 

WEIGHT 

CENTER  OF  GRAVITY 

CUB.M 

BARREL 

96  *  HJO. 

LCG 

<  G 

CMH 

CM) 

-CM) 

F.  0.  T.fA-OtL)  CP) 

IS-  39 

97-43 

612-8 

84 

65.03 

.0.97 

F.  0.  T , f A-OIL)  CS? 

17-  T> 

96U4 

606.6 

83 

64.72 

0.99 

TOTAL 

I934J7 

1219.4 

157 

_ 

WATER  BALLAST  TANK  -  s.g.  ...us 

TANK  NAME 

FR.NO. 

CAPACITY 

WEIGHT 

CENTER  CF  GRAVITY 

CUB.M 

CUS.FT 

ioo  r  full 

LCG 

K  G 

CHT) 

CM) 

f«) 

NO. '  T.  S.  T.  CP/S) 

174-  209 

733-23 

2S89S^ 

7S2 

-61.55 

I4.'0 

NO. 2  T.  5.  T.  CP/S) 

UO-  174 

993^8 

35091-4 

1019 

-37.33 

I3J9 

NO. 3  T.  5.  T.  fp/S) 

106-  140 

<>99.54 

3S298-4 

>025 

— 1 C.  *9 

13^9 

FORE  PEAK  TAMC 

207-  2tS* 

1595.00 

55362-2 

IS3S 

-5253 

8-25. 

AFT  PEAK  TANK 

-6-  8 

253^6 

10010-2 

29! 

85.96 

10.86 

SUB  TOTAL 

1 0531 .22 

371907.0 

10797 

NO. 3  CARGO  HOLD  CW8) 

ICS-  140 

9447.63 

333S40.0 

9684 

-10.42 

5.71 

SUB  TOTAL 

9447  £3 

333540.0 

9584 

GRAND  TOTAL 

I0978£6 

70S547.0 

20x«! 

(  48  ) 


$  >  y  —7 -—yjis 

C  X  10  FORM] 


TANK  NAME 


NO. 2  F.  0.  T.  (P/s: 


NO. 4  F.  0.  T.  (P/S) 


TOTAL 


FUEL  OIL  TANK 


FR.NO. 


(39-  173 


7 t  —  ICS 


CAPACITY 

CU8.M 

BARREL 

.  1  S2S.S5 

9601.7 

(547.53 

9733.7 

3074.08 

1933S.4 

CENTER  OF  GRAVITY 


LCG 


CM) 


-38.55 


(7.58 


WATER  BALLAST  TANK 


TANK  NAME 

FR.NO. 

CAPACITY 

08. M 

NO. *  T.  S.  T.  (P/S) 

733 

NO. 2  T.  S.  T.  (P/S) 

140-  174 

994 

NO. 3  T.  S.  T.  (P/ S) 

(06-  140 

1000 

NO. 4  T.  S.  T.  (P/S) 

72-  106 

I0C0 

NO. 5  T.  S.  T.  (P/S) 

36-  72 

1045 

NO. 1  W.  B.  T.  (P/S) 

173-  209 

1081 

SUB  TOTAL 

58S3 

NO. 3  W.  B.  T.  (P/s: 

I0S-  139 

1551 

NO. 5  W.  B.  T.  (P) 

36-  71 

557 

NO. S  V.  B.  T.  (S: 

36-  71 

53 1 

FORE  PEAK  TANK 

207-  2 IS 

1596 

AFT  PEAK  TANK 

— S—  8 

2S3 

SUB  TOTAL 

4678 

NO. 3  CARGO  HOLD  (VB) 

106-  140 

9448 

SUB  TOTAL 

9448 

GRAND  TOTAL 

19979 

LCG 


CM) 


-61.55 


-37.33 


-1C.'9 


17.01 


44^6 


-62.48 


-9.S0 


43.97 


42.24 


-62.83 


es.9s 


-10.42 


G 


CM) 


14.10 


13.89 


iSJAlfl - IiUttJUtXULAII 


TftlMCO  00000000  oooooo  o 


-TUfl.i — U  ....  _ XI _ [L 


- TMM  1 

3 20296. uO 

- - XI.  U - 

4.770  4.200 

6.934  „  .. 

- trim  s 

62679 .000 

6.660  417440.00 

17.7201110670.00 

nil  4. 

— 

.346.000 

107.74  0 — 39050.00. 

— 16.440 _ 9QLO*Ofl_ 

—  -  TRTK  1 

1 

1  0 

1  .1 0'.'G  0  .0  .. 

it  r k  .-* 

7 

1  0 

1.0000  0.0 

*  ‘ 

- - —  IRIK  J 

1 

1  u 

1.0 oOu  o.O  .... 

TA  IK  4 

20 

1  0 

1.6000  0.0 

.  i  m  .5. 

.4. 

.2.  0  0.95ftft  o.n 

II  IK  6 

3 

2  0 

0.9400  0.0 

- . .  TRTK  7 

»  6 

2  a 

0 .93  JL  0.0 

IRIK  A 

1 

3  0 

O.VOOO  0.0 

,_TMK  9 

A 

4  u 

l.023u  0.0 

IA IK  10 

9 

4  0 

1.0250  0,0 

. TAlKll 

-10 

_ 4 . 0. 

1 . 0230  o.n 

fa  *  -t  w 

M 

4  0 

1 .0230  0.0 

TfllKII 

12 

4  l 

1,:»30  ...J 

Ik  ik  |4 

n 

4  0 

l.U’50  0.0 

TRIMS 

14 

3  4 

0.0  0.0 

TRTM6 

IS 

1  4 

O.ft  0.0 

™  "  *  " 

.  T (IK  17 

.16. 

_  5.4 _ 

0.0  0.0 

11  Ik  |k 

11 

5  4 

o.ft  n.o 

- - T"  TKI** 

m 

3  4.. 

u<  j  .i.’j  ..  , 

TIlKiU 

19 

3  4 

0.0  0.0 

-  - IRIK21 

21 

3  4... 

0 ,u  . .  il.u 

.  I‘I1K2» 

22 

3  4 

0.0  0.0 

i;ilKJ3_ 

_ 5.3 _ 

o.o  n.o 

TS  IK24 

24 

3  4 

0.0  0.0 

— .  TMK>4 

23 

3  4  .... 

T ’ll H  ‘ A 

'6 

3  4 

0.D  u.Q 

-  - TH IK7  ? 

27 

3  4 

O.U  .  0.0  _ 

TRIK20 

t>\ 

5  4 

0.0  0.0 

,  ™ 

- - - U!K2»_ 

_»7_ 

_3  4 

o.o  n.o 

IR  f-Oft 

3ft 

3  4 

o.n  o.ft 

-  TRIKU 

01 

5  4 

0 .  'J  .  j 

|iiH.v 

3.' 

3  4 

0.  fj 

. .  TRIM* 

33 

5  4 

0.0  O.u 

1MK34 

0*. 

4  4 

0.0  O.ft 

±l_£b£CK_uaiIE_QE..CiaCL.lM£UI_DA.rA..*+„. 


TACONO  AFULL  LOAD  CONDITION  AT  UKC  ARft « 
T»COCl  MOM'S  0  0 

tTcog?  5ilT75.ono  o.o  0T0 . .  o.’o  o .0 

iftcncl  o  a. 0  o.o  \XHi~\Z\i  'in  T ■»  do 


_ ificoaE _ i _ 

. . .TB  coal _ 1  „2. .  JL2  Q  X-  Q-_ J)_.  Q_.  Q._  Q._.ft„.Q._.  ft. . 

TRCftaa  a  9  to  u  i?  n  o  o  o  o  o  o  a 

TKIAVI  a  oTo  oTo  old  oTii 

_iana  „z _ 5 _ o  io _ &ji _ q»ji _ q  _ 

TAOH  T  A  0.0  911.00  0.0  0.0 


CONDITION  CALCULATION  START  ♦** 


ONEMAY  BUNK. 


fapsh  wait  a 
AU'-L  nit 
iutah  oil 

WA|£A  MILAST 
CAHCO  (111 

rnultiMTl 

nrAnMBir.Hi 

Hour  wrinur 

oiiplacfhcnt 

«*<nKCtFtiNniua  oaaft 

t  r  c 

l  c  o 

ten 

lie 

TRIM 

l  C  / 

DAA'T  AT  A.**. 

OftAI  T  AT  A « F. 
da  at  i  Muni 
nnnpFU-FA  Ihheaston 
T  AH 
<  r. 

•  a  ao 
cn  h 

MOirNi  rn  iifet  |  rifG. 


450494  H? 

42674  ’  HT 
M3175  Ml 

14. 71  H 
2211*2)  HT 
-15.70  H 
-15. 70  M 

57.7 4. A  HT-  H 
0.0  "  M 
-4.17  H 

24.72  H 
24.72"  M 
24.72  H 
232  t 
77.77"  H 
14.74  H 


l.ll 
1  Oi.32 


42448  HT-  H 


HD1F  1  -  SHOWS  FOAWAAO  MOH  HIOSMIF 


tn 


..  FULL  LOAD  C0N01TI0N  .  AT.  UKC  .AAA 


_ ONEWAY.  PUNK* _ 12/2  l_. 


t  weight 

_ LSI.L 


L  C  fl  MOMENT 
_U?l _ (MI=_Ml_ 


K  C  MOMENT  Q  GO 

,l_Ml l/H=_JLl _ L  M  L 


_ LIGHT  WEIGHT  ..  .  . 

CONSTANlt 

t A e  111  W  ATE  A  T.  |l*7<  » 

_ SvU{|*_wMrS-J*_J£l_ 

OUT.  WATCA  T.  <M 

_ OUT.  WAIFK  T.  15) 

(ERFIll  WATER  TOTAL) 


.  626T9  .  0.46 . 417440  .  17.12.  .1110670 _ 

541  107. TA  .At OS  A  )4.44  AGIO 


210  170.21 

.'l(J  164.34 

190  141.41  . 

710)  1 


42551  20.40 

_2NS  !_?&.*)_ 

3AS1I  75.49 
31506  26.24  a. 

1307301  | 


EO0S  "fuel"" "niC  tank* 

“n 

6  -167*67  • 

0  0.0 

<0  l 

aft  fuel  oil  i.(p/s| 

0 

0  137.01 

0  0.0 

0, 

FliEL  n.AETT.r.  |P/1| 

13 

4||  155.95 

142070  25.15 

230)1 4  l 

JEU£LJ>IL._.iai&U 


01F16L  nil  TANK  ■ 

74 

no  i 

T6l'*$EL  Ait  ioTALl 

1 

140J 

F04c  PF AK  TANK 

0 

o  -t 

_  NO. 3  W.  A,  f ,  |CI 

0  . 

o 

NO. 6  W.  N.  7,  (Cl 

0 

0 

Rf5‘RYF  W.tl.f.  ICI 

0 

0  l 

ftEs r«v/r  w.i.f.  ip/si 

0 

0  1 

AFT  PEAK  tank 

0 

(•  1 

<W.  HALL  All  TOTAL) 

( 

01 

NO.  1  C.  0.  T.  (Cl  A 7  7I9A  ■ 

WO. 2  C.  0.  T.  ICI  .  91  74141  ■ 

NO.A  C»  0.  T.  If)  90  12. *7 1 

N0.1  C.  0.  T.  ICt  <*l  3AM 3 

NEW  7' £  I ' 67l  7  ICI  94*  **4  535” 

tn . i  c,  ci ,  T . _ jrj _ 90 _ ?3<.l*» 

NO.i  C.  n.  T.  if'/TI  Oft  21172 

NO. 2  jf.  •>.  T  ,  ( | _ 90„23O0|  • 

NA*.l  cl  n;  T.  "|P/il  AA  *2Alil  • 

NII.4  gt  n,  T, _ jp/5)_4rt 

NOll  C.  fi.  T.  |p/i)  *i(i  21224 

-NO.O.C..  Q._X. _ I  l _ SI  24  724  .. 

NO. 7  C.  0.  T.  IP/11  91  2422 1' 

.fn.jLCi_n._T.  _ ir/T).„so  *im„ 

NO.A  C •  O.  7.  IP/11  A9  24221 

. /JO . ! Q  C.  Q.  ft 

NO.  I)  C.  f>.  T.  I  P/41  AO  23  706 
g.-L.  OU.U _ 25 _ 2243 1_ 

N3.13  C,  0.  T.  |P/S)  AO  1 9761 

SLOP  1  Af|K  f  P/S  t  Art  lt»Mrt 

"iCAAGO  OlL  TOTAL) . 1440107) 


74303  27.07 

'  74101 l"  '*  I 

o  oTo 

4.__«.0 _ 

0  o.o 

_ 0 _ 0.0 

0  0.0 
0  0.0 


■151 .45  -1014511  0. 

■tl4.ll  -2970114  16. 

-Art. 10  -035053  16. 

-27.10  -1004414  16. 

*AK10  1542100  10. 

.1*6 164 _ £41130/5 _ uf. 

-*50,41  -lirtilou  i?. 
-177.13  ^2470114  16, 

>101.09  -2630210  11. 

.rf*9»  51  141674  15. 

-60.10  -1644654  15. 

-47. 1*  .-11M414  _|5. 
-27.10  -661342  14. 

_..rO  «1ft _ rlA7i46  14. 

13.50  >26904  15. 

M7664 _ IV 

14.21  KrtrtGii  16. 

-Jh*ih _ )A7&92A_lfu. 

94.74  1/171135  17. 

ill. 93 _ I7f.7794  _ 14 . 

I  -0621147) 


7175  0.0 

_ a.u _ 

5450  0.0 

5369  ...0.0  . 

21592K  0.0  1 

7o  oTo 

_ Oj _ 0,0 _ 

23024  0.0 

_ ITwAAU  ,6.i*_|, 

4060  _OjO _ 

406*6 fl  0.0  1 

“  o  67b 

_ 0  __0.0  _ 

6  0.0 

_ 0  0.0 _ 

0  0.0 
o*  o .o  _ 
Jll  O.J  I 


50271  it.04 
395262  0.06 
147072  0.01 
591217  0.10 
344277  0.J6 


I*  lA.'ill  U.<>£ 

■34  3619?6_..  0.«1_ 

0*  112132  0.00 

76  102255  0.05,_ 

70  302251  v).:>4- 

74 _ 3/12*55  Q.U6 

7rt  102270  0.06 

74  .  342255  0,06 

IQ  >07207  0.06 

rtf. _ ..14*172  _0,f'4__ 

09  3014  29  o.  .<6 

hi _ 3754,25 _ 

66  149014  0.06 

27  245161  _0, 04 

*  1*  72 1042011  Kil  l 


CAANfTIOTAL . 


113171  -15.10  "->049514  *16.*34  03rtArt34  1  .'ll 


SUMMARY  T  Ait  IE  Of  STANDARD  LOADIN'!  CONDITION  I  7,  T 


1 1  CMS 

CONOIl 1  OH! 

ART  UNLOAD. 

CONDITION 

A I  IIKC  AAA. 

51 t  unload. 
CONDITION 

At  ukc  Ann. 

25 «  IWL04D. 

condi  not 

AT  UKC  AIR. 

75*  UNLOAD. 
CONDITION 

AT  INC  ARR. 

•  - 

PORT  CONDI  11 
ON  AT  HINA  A 
L  AMEHADI 

T4IL  1 16  FT 
AFL0A1  ..  . 
COM)  IT  ION 

DOCKING 

condition  . 

ONEWAY  BUNA# 

ONE  WAV  RUMS. 

ONEWAY  BUNK. 

ONEWAY  BUNK. 

NEW  FACILITY 

FR^SH  WATf  A 

HI  • 

76'* 

n  j 

711 

7A0 

0 

160 

0 

>10 

‘  FUEL  TIL 

HI 

VII 

911 

911 

.  ^ 

7VT 

0 

74T . 

DIESEL  Olf 

HI 

‘  HO 

’  150 

150 

1.30 

a 

130 

• 

130 

WATER  f»UAU 

HI 

0 

450  m 

10601 

19000 

0 

144)00 

9861 

4014T 

CARGO  OIL 

• 

*•1 

223367 

222720 

141074 

1050)4 

. o' 

0 

0 

o . 

CflNMANl* 

HI 

5AA 

141 

541 

54i 

. 0 

346 

54  ■  " 

546 

PAAOWnoilT 

HI 

221116 

nutJi 

37606) 

17642) 

0 

131575 

10409 

42422 

LICIT  weight 

HI 

42679 

42615 

62679 

6  2619 

6 

42679 

626T9 

42419 

D1 APLACf  Hf Of 

HI 

2 VOA  55 

333706 

"  4)8742 

1*4102 

tf 

2 14  2  54 

tjoob” 

'  109101 . . 

CORRESPONDING 

Da  af  T 

H 

1A.33 

14.1* 

21. SR 

4.66 

0.0 

10.19 

3.9J 

3.33 

1  *  c 

HI 

211.5* 

214.au  ' 

2J9.74- 

205.4* 

0  .A» 

207.43 

193.34 

199.3) 

ICC 

H 

-9.3* 

-14.45 

-ia.41 

-4.B* 

0.0 

-10,75 

-13.91 

-23.14' 

l  C  A 

H 

■  -20.05 

-19.22 

-14,96 

-21.7* 

o.6 

-21.34 

-23.13 

-23. 14 

Mt 

HI- 

H 

.  4755.5 

4965.4 

3411.2 

4470.0 

o.l)  ■ 

4546.) 

3973 .3 

4133.T 

into 

M 

6.4  4 

i.m" 

2.47’ 

T.l* 

o.o"" 

”*  4.49 

i .» r 

0.0 

L  C  F 

H 

-14.6* 

-li.55 

-6.9* 

-IN. OB 

0.0 

-1B.02 

-22.31 

-21.44 

06AE1  AT  f.f. 

F 

11.  55 

15.22  " 

10.14 

4*46  ’  • 

8.  65 

3.14 

3.55 

DRAFT  A 1  A.F. 

H 

11.05 

16.04 

22.66’ 

13.6)  ’ 

Oil 

13.64 

4.45 

3.33 

DRAFT  (HE  ANI 

H 

14.79 

16.65 

J* 

10.03 

*  0*0 

11.14 

4.0  4 

5.53 

FAO*F.LLER  INHEftSmN 

« 

16? 

165 

210 

117 

0 

116 

24 

36 

l  AH 

M 

50, 34 

•  m.  1* 

41.54 

0.0 

38.  21 

89. 1  A 

*3.4) 

A  G 

H 

16.76 

16.74 

16.54 

13.. 56 

<1.0 

16.49 

16.3  4 

13.37 

C  CO 

H 

l.ol 

0.62 

0.4* 

t.lt 

0*0 

0.21. 

0  .32 

1.31 

GO  H 

H 

t4.nl 

12.no 

l 

,  ,  10.65 

.  n.oT t 

.  1  r 

0.0 

21.51 

72.31 

30.64 

HIWH1  10.  llrFL 

l  nro. 

MI- 

H 

75411 

74574 

61 4R4 

*2114  i 

n 

R04  6S 

.  42269 

93014 

NODE  |  -  SIGN  SHOW*  FPAWA50  M«1  HIOSItJF. 


(  54  ) 


(C-n  NORMAL  BALLAST  BE?. 

I  F*ESH  VATER 
1  //'A  FUEL  OIL 
j-  •  I  OIESeL  OIL- 
(&L.  1  WATER  BALLAST 

S  I  CAf?G3  . 


- nr 

TXTnrcr 

TKTzimtr 

~fT* - 

i NCLubt  nOvlNd  MJttt 

dratt 

UNDER  HATER 

LINE 

ABOVE  WATER  LINE 

AREA  RATIO 

ABOVE  WATER 

LINE 

AHEA  RATIO 

AREA 

K  G 

AREA 

K  G 

AREA 

K  G 

(Hi 

1 so.nl 

(HI 

(SQ.m 

in) 

ISQ.nt 

<ni 

- 17561) — 

~~  I^r.Td 

0.30 

r<fl7rrr 

foTH 

10.590 

3612. U 

TS7TJ 

2.000 

390.  23 

1.00 

1416.21 

10.66 

0.734 

3416.21 

10.66 

6.754 

3.000 

506. C4 

1.50 

3219.60 

11.16 

5.406 

3219.60 

11.16 

9.406 

A.  000 

703.16 

2.01 

3022.60 

11.66 

3.  057 

3022.60 

11.66 

3.657 

5.000 

900.  14 

2  •  5  i 

Xni5.h 

12.16 

2.0O1 

2025.71 

12.16 

2.661 

6.000 

1177.51 

3.01 

262fl.a4 

12.66 

2.233 

2628.94 

Alikk 

_ 2.233 

1 .000 

1373. 70 

3.51 

2432.61 

13.15 

1.771 

2432.67 

13.15 

1.711 

0.000 

1569.  50 

4.00 

2236.95 

13.65 

1.423. 

2236.95 

13.65 

1.425 

9.000 

1765.  30 

'4.50  "  ■ 

2041. li 

14.14 

1.156 

2041.14 

14.14 

1.156 

t  0.000 

1962.  19 

5.00 

1044.26' 

14.64 

0.940 

1044.26 

14.64 

0.440 

1  1.000 

21  60.  35 

5  •  5 1 

1 646.1 0 

15.14 

0.762 

1646.10 

15.14 

0.762 

12.000 

2339.73 

6.01 

1446.72 

15.64 

0.613 

1446.72 

15.64 

0.613 

illooo 

2560.  22 

6.52 

1246.23 

16.14 

0.4BT 

124  6.23 

16.14 

0.407 

14.000 

2161.41 

7.03 

1044.90 

-16.65. 

0.370 

1044.90 

16.65 

0.376 

15.000 

2963.27 

7.54 

043.17 

17.17  • 

0.2R5 

043.17 

17.17 

0.265 

16.000 

3165.71 

0.05 

640.60 

17.69 

0.202 

640.60 

11.64 

0.202 

rirooo 

336Q. <4 

0. 56 

437.50 

10.25 

0.  130 

437.50 

10.25 

0.130 

10.000 

3572.  79 

9.07 

233.65 

16.90 

0,065 

233.65 

16.90 

0.065 

10.300 

3634.00 

9.22 

172.37 

19.17 

0.047 

172. 3t 

19.17 

o.ovf 

@9 

ffl 


01 


cn 

tn 


r 


CURVE  OF  LATERAL  AREA 

BEMAHK  ’•  *  ' »  wthino  mov i id  as/ecr 


cn 

a> 


is 

FR 


B| 

if 


summary  norroP  mflmTrrcnn3cxnoiT 


COND.NO. 

2l 

32 

33 

34 

35 

36 

HEAVY  UALL . 

normal  mall. 

CRE 

HOMOGENEOUS 

GRAIN  LOAD* 

GRAIN  LDAD. 

"  JAPAN  Ofcl»; 

ALTERNATE 

S.F.-4L 

S.F.«55 

JAPAN  OEP. 

IMA  SCO  OFP. 

NUFOLK  OF P. 

VANCDUVFR 

VANCLUVrR 

DEPARTURE 

departing 

IT.C .=9) 

1  f.c.*n> 

“TT.c.»=2n 

1 1 Vt* c29l 

DISILACFHFNMHT  | 

2963P.6 

' 32570.0  ' * 

70960. 0 

.  70965.0 

70917.0 

. 56137.0 

DRAFT  ICORRI  IM > 

7.743 

6,434 

13.330 

13.336 

13.330 

10.730 

DRAFT  AT  AP  <K.  1 

n .  AGO 

0.400 

13.340 

13.330 

13.330 

10.730 

DRAFT  AT  FP  (Ml 

7.0R0 

4.640 

13.340 

13.330 

13.330 

lu.  730 

drafT  ThTanT  T*TT 

fTToT 

6.66  ii 

1373^75 

T5753o 

■“ 137130 

l  o.  730 

TRIM  IM } 

1.40C 

?•  1 40 

0.0 

0.0 

C.C 

C-.  (* 

KG  CM  f 

0.670 

10.760 

10.203 

10*190 

10.240 

10.420 

GM  -IM  1 

4.740 

5.540 

2.970 

2.900 

7.43u 

?.  760 

goo  Tm  J 

<5.770 

0.600 

0.760 

U.2  6Q 

0.120 

0.  220 

•  GftM  (Ml 

3.970 

4.940 

2.710 

2.720 

2.610 

2.54U  . 

no  im) 

1.927 

3.r?6 

—3.130 

—3 . 1  40 

-3.090 

-0.316 

G/  MAX.  (Ml 

3.159 

3.120 

1.247 

1.353 

1.413 

2*136 

TnriA  MAX.  lorr.i 

42.265 

42.U34 

30.013 

30.021 

40.000 

40.  75  7 

THETA  H  AN OP IDfcC ) 

* 

63.622 

01.070 

76.150 

76.329 

TT. 974 

76.621 

d.s.  im-rao» 

2.637 

1.604 

i.iri 

r.nt 

1.170 

1.609 

O.J.  IMT-M) 

1CA-0I. 3 

07444. 1 

768)7.7 

79263.9 

83567.4 

90  313.6 

o.^Tnlsr  Im) 

2.637 

2.664 

1.111 

1.117 

1.176 

1.609  ""  . . 

FLOOD. ANGLEIDLG) 
LAI  .W.  ARe  A  (■■Mil 

2  20  6.9 

S''**.* 

1170.4 

1170.4 

1160.1 

I69«>.  3 

LAJ.AR'A  RATTU 

I.  92 It 

r.95l 

0.444 

0.444 

0.445 

0.  761 

ROLL.  PER  110  T9 

12.120 

11.365 

12.527 

13.502 

13.265 

14.290 

*ff>.  CQ*?I=  i .  R 

C.  (i?364 

6. 07617 

0.01965 

0.01963 

6*01991 

6*02214 

NOLL.  ANf.L  r  (Orel 

in. 090 

19.930 

14.614 

14.036 

15.056 

14.616 

RESULT  F1 

11  .999 

7.965 

11.644 

11.644  ' 

11.665 

16.313 

CZ  #*5  0.  IM) 

of  '•iur/crsii .  .  *“  ~  ■  . .  . . 

TM*1A  MAX/30.  1.409  _  1.428  _  l.?94 _ _  1.294 _  1*333  _  _  1.339 


RFSI1LT  C2 

0.033 

0.046 

0.023 

0.022 

0.022 

0.026 

FRII8DARD  AT  FP 

11.709 

14.14?  , 

LA_  .5.449, 

•5.4  59 

5.459 

6.059  . 

FREEOCARO  AT  MID 

10.520 

11.740 

'  4.970 

4.970 

•  7.570 

FRECflOARO  AT  AP’ 

10.177 

10.177 

5.317 

'  5.327 

5.327 

,7.927 

RES  .D ISP  IHTI 

63J9P. 1 

70150.1 

31771.1 

31771.1 

31619.1 

46599.1 

RES.DISP/A.OI  S<» 

1.592 

27154 

0.446 

67448 

0.449 

6.036 

• 

1# 

nijn 


Ol 

-1 


COND  3  NORMAL  ft ALL «  JAPAN  DEF/ 


.PARTICULARS  FOR  ST  A3  |L  IJY _ 

_ DISPLACEMENT  . 10662, .Hf . 

_ COIR  ECTEO  KG  IKGO)  IJ^glO  H 

COR'rTC  TH 0  GM  |G>M|  24.120  H 


OR  AFJ  AT  AP  4.300  H 

DRAFT  AT  FP  0.470  M 


'♦♦RIGHTING  LEVER  IGZ1  CURVE  INFORMATION’ 


RANGE  OF  POSITIVE  RIGHTING  LEVER 
MAT. RIGHTING  L FVI'R  5.0*6  M 

"FROM  ' 
AT 

'  o.o' 

20.63 

"DEG.' 

DEG. 

'  to' 

"  76  .60 

DEC. 

ANCLE  OF  FLOODING  INTD  MAIN  HULL 

NOTHING 

» 

'INTEGRATED  AREA  FOR  "dVNAHI CAL "if  ARlLlf  y' 

. 

■ —  ■  • 

•  -  W 

- - - - 

ABE  A-  l  2  .0  52  M-RAO. 

FROM 

0.0 

DEG. 

TO 

30.60 

DEG. 

AREA-?  2.795  H-RAO. 

FROM 

0.0 

DEG. 

TO 

40.00 

OEG. 

AREA-3  0.743  M-RAD. 

FROM 

30.00 

DEG*. 

TO 

4b  .00 

OEG. 

.  MEFLING  ANGLE  AT  .  42.42  DEC. (  DECK.  S  IDE  ,  L!NE_  MILL  ..RE  IMMERSED). 


.♦.♦..ST ability  >Judy  with  wind,  and .  rolling. „ _ _ _  _ ♦♦  check  write  ♦♦ 


_ RIGHTING  LEVER  A?  SltAOY  HINO  0W1  »  0.244  H  ICOEFF.  K l  »  0.0000  ) 

RIGHTING  LEVER  Af  GUST  UfNO  QW2  »  0.366  M  ICOEFF.  K?  «  I."?OCO'l 
_ ROLL  INC...  ANGLE  «  .  .38 . 82  DEG.  . . 1 . 

_  5TARILITY  AHEA|A|_  2.026  H-RAD.  FR0H-30 .27  OEG.  TO  0.01  DEG. 

STABILITY  AREAp'l)  3.474  ~M-RAD« . FROM  "'6.8  TnEG*  '  TO'  12~.e9  DEG." 

AREA  RATIO  CI«  fl/A  «  1.187 _ 

.♦.♦_H|CHTI  HG_.LfVI'R  A  NO  _  DYN  AH  f  CAL  JSTABI  LI  TY_p(JRVE  S . . 


1NCL IN. 
ANGLE 

1  OEG) 

HIGH! 1NG  RIGHTING  LEVER  IG2) 
LEVER 

(Ml  0.0  5,0 

IN  L«f  DYNAMICAL 

STABILITY 
10.0  IM-RAD) 

OYNAHICAL 

STABILITY- 

IHT-M) 

I  - - 

1  — 

- „_I 

*♦—  —  — ■ -  J 

o.  n 

0.0 

4 

0.0 

0.0 

5.  •> 

i .  32  :• 

I 

4 

0.  1039 

1107.7 

10.00 

3.00  5 

I 

• 

0. 2C0& 

4051.3 

1  2. GO 

4.  345 

I 

4 

0.5742 

5588.0 

15.  00 

4.  775 

I 

• 

0. 7641 

8147.2 

1  o'.  6o-r~ 

5.023 

I 

4 

1.  1941 

12731. i 

25.00 

4.951 

I 

4 

1. 6306 

17385.2 

30.  60 

•4.  60  4 

I 

4 

2.0621 

21079.7 

34.00 

4.27  4 

I 

♦ 

2.4430 

26655.6 

40,  GO 

3.77  2 

I 

4 

2. 7954 

24804.1 

45. 00 

3.  ?n 

! 

4 

3. 1003 

33055.2 

50.00 

2.  631 

I 

•  'i 

n  ^355? 

, 35773.4 

60.  00 

1 . 56  4 

I 

4 

3.7195 

<39656.8 

70. GO 

6.644 

I  • 

3.9118 

41707.7 

76.60 

0.0 

* 

0.0 

b.O 

LATERAL _WINDAGE  AREA  *  3367.08  SQ.M 
LEVER  OF  WIND  MOMENT  ■  ”9.6 68  _M 

ROLLING  PER 100  T  •  7.65  STC.  K»  18.701  M 

RCOUCTION  COEFF  N  -  0.02740 

GAMMA  «  3.11956  ‘  P«'  '  0.151 

_ DELTA  «  6,095 89  q«  O.QOT 


CONn  3  NORMAL  HAU.  JTPTifj  BEP. 


♦  •  STAMUTr  STUOY  FOR  NO. 2.  CRI  TER  I  ON  OF  DEFENCE  AGENCY _ . . 

_ M A  X  *  R I GH  T I NG_  L E  V f R _ fl  1 J* 5.026  H  . AT  20.63  ‘DIG. 

DISPLACEMENT  0  »  1066?.  MT 

LAlERAL  'MiNoAGf-  AREA  A  *  3 3  67  .6 if  So.H 

LEVEP.  OF  HIND  MOMENT  M  «  9.656  H __ 

“  '  WIND  PRC  tenor  rnree#  "  »  •  jj  _  *  t,Q  n  — 

RIGHTING  LEVER  CDEFF.  DW2  *'  '  0.  Mu  M 


1NCL IN. ANGLE 

f.OSl  THiTAI 

DWi'*0*Q 

THETA  1  DEG  t 

0 

O.L 

i.ooto 

(.580 

5.  uO 

0. 9062 

0.575 

1  O.PO 

0.906(1 

u.  66  L 

l  i..oo 

0.9701 

0.  656 

i  6«  00 

3.96J9 

0.64i 

20.30 

0.9397  ' 

0.512 

2  5...0  *b.Q363  "  0.676 


3  0.  CO 

0.8660 

0.435 

35.00 

S'.flroZ 

0.  289 

A  f 

t\  *T1  i.  f\ 

*'•  *  VM 

A  9  /.  /\ 

U*  ,7'T 

A  5,00 

0.707) 

’  3.  ?9.*i 

9  0,00 

0.6620 

0.239 

60.00 

0.5000 

0.145 

70.  UO' 

0. 3470 

0.068 

76.60 

o.:3T& 

o.o'tr 

96.00 

o.oono 

0.000 

7  0.62 

0  «  )  9  7  3 

(..*32 

90.30 

0.0000 

o.ooo 

Sr 


2!f! 


INTERSECTION- BETWEEN  GZ-CURvr  ANU  DW2tQ*0  1 

GZ2  ■  ~  0.579  ft  ~7kf  U~\  ,  24*6e  g7 
RIGHTING  LfVrR-  ft  At  10  01  i'/Gii'  *  'i7IT5 


S - 


cn 

co 


DISP 

25050.0 

MT 

DR  AP 

7.880 

M 

DR  FP 

4.970 

M 

KGO 

8.680 

M 

GOM 

4.370 

M 

BALLAST  CONDITION 

NORMAL 

RANGE  OF  POSITIVE  RIGHTING  LEVER  FROM  0.0  DEG.  TO  e5.7  DEG. 
MAX.  RIGHTING  LEVER  -  3.112  M  AT  40.7  DEG 


FLOODING  INTO  MAIN  HULL  AT  ANGLE  -  63.6  DEG 


OR  AP  7.680  M  '  . "" 

DR  FP  4.970  M  FLOODING  INTO  MAIN  HULL  AT  ANGLE  »  63.6  DEG 

KG0  Q.620  M 


r 

i 

£ 


5 

ft 


i 


Sr 


Ml 

W 


CT> 

O 


DISP 

2950.3 

MT 

OR  AP 

3.990 

M 

DR  FP 

1.610 

M 

KGO 

4.470 

M 

GOM 

2.950 

M 

DWI 

DW2 

ROLLINO 


STADILITY 


FROM  0,0  OEG,  TO  04,8  DEG 
AT  40.0  DEG 


1.40  • 

1.20  3 

8 

r.oo  w 


o^o  ° 


o> 


♦  *  IN  PUT  DATA  UP  GRAIN  STABILITY  CALCULATION  ♦* 

TITLE  I  CRAIN  STABILITY  CALCULATION 

SIGN  TOR  UNIT  I  0  OIHE1RIC  1  tf-EET 

sign  iqr  c/p  COL  »  OP  UISP.  t  0  01  **  It  **.* 

SIGN  l:0’l  PRINT  OUT  OF  TABLE 

CRAIN  STAUIL1IY  EUHHARYt  l  »»t NOTHING  .It PRINT  0\ 

ALLOWABLE  HEELING  NT.  I  ?  OlNOIllING  It  PRINT  Ul 

HEELING  NT.  OF  EACH  SF  I  I  OINOTH1NG  ItPRINT  01 

SIGN  FOR  RULE  IHCO  I  ibh 

SIGN  FOR  CALCULATION  HL'TIHJil 

STABILITY  CALCULATION  I  3 

HEELING  HT.  T  0  OlLQAOFO  LfVGL  1 t MAX.HT ♦ 


21 


ItPRINT  OUT 

It  PA I NT  OUT (CHANGE  THE  lu  ANGLE  I  2IPR1NT  GUTICHAGE  THE  COH| 
It  PRINT  OUT 


— 

Cl  CROSS  CURVE  1  0 

OIFRCE 

1 1  UNDER  UPP .OK  ?l  INCLUDE  SUP.STRUC. 

. . 

GRAIN  STABILITY 


r"F0'ft“CR'JCINrPtn.E'0"UnADED“njt;EiriNirHMI»LE-l57(riiEi;7T 


W  flT.V  Minify  ri  ■  I 


CAHGn  mio 


■«i;oootr“«Tto&t 


Tft'AHS  VEAS  rHEEClN  G~HOHE  Nn  HT=H" 


niN.UUM  MIN. 


DJSPT 

_1H[J _ 

<H  1 

._M3fL.Hr 
IMT-M  | 

0.30 

55000 

0.30 

6260 

6J6Q 

56000 

_ 0,50 

...  6326 

.  6326 

5  7000 

0.33 

..6399 

6  399 

5  80  UO 

0.30 

6A«(f 

6  49p 

59060 

.  6577 

61*77 

_ 600  03 

_ 0,  30 

...  6662 

6662 

61600 

0,J0 

674  6 

6745 

62000 

0.70 

<•’332- 

6832 

o.4n 


<>  u  n  i  n  i  — 

, 0. 50 _  0.60  .  0.70  0.00  .  0.90  1.00 

r  7  ...  .  ALLGWA8LE  HEFLIfr.  HQHENT  )  -  T  -  -  . 

J317. _ 363? _ _ ).U?'i _ 12SA1 _ 13559 _ J  4  77.6. 

7565  0803  .10042  11.80  12519  13758  14996 

7660  ,  8921  101  PI  1  1442  12703  >3?64  15224 


1.10 


tncvit  kill 


_ _ _ OF  SID.  HEEL.  EFFEC. 

S. AREA  ANGLE  RANGE 
7 . .  . . IH-HAD1  lOtGl _ (.DEG 


J5992 

16235 


0.145 _ 12.0  35.0 


.U1JL 


7*82 

7989 

_9.aSLt. 


_ J.4.13? _ 1 1622 _ X  2905 _ J $  1 03 _ 1547V. 

91P7  10492  1  1797  1  3102  14407  1 571 2 

10643  1  1470  13297  ,  14624  15951 

•  0.7.33 _ U 3L4 2 _ >34  9.  \ _ )  4 840 _ 1.6 1  a?_ 


16405 
.  19.15.3. 


9316 
9443 
9  {.  75 


17017 

17278 


0. 140 _ 12  .Q _ 35.0 

_0.135 _ 12.0 _ 35.0 

_0. ,|.2V _ 12.0  35.0 

& .123  12.0  35.0 


O.lli _ 12.0 _ 34.6 

0.100 _ 12.0  33.1 


_ 4JJQQ& _ .  7397  , 

_ 64080  a.  <.7 _ 9  30  5 


64300 
6  60  00 


0.61 


0.73 


.11195 

13473 


8204  9  {*7  5  10946  12318  13689  15660  16432 

,6074.  ,  8268 .  9661  .  11055  .  1  2448  .  1  3042  .15235  ..  16629 

_6.9Q.l _ 0397  9  012 _ 1.1.2.20 _ 1.2644; _ 14059  15475 _ 16890 

6991  .  8429  .  9866.  11204.  12742  .  .14179  15617  17055 

7178  8638...  10098  ..  115  50  .13017  ..14477.  15937  17391! 


17  803 
.'.*8  02-2. 
.J.18  306. 
18492* 
18057 


0.085  12.0  32.4 


0.075  12.0 _ 31.4 

0.075  12.0  30.9 


0.075 _ 12s0 _ 30.4 

0.075  12.0  30.1 


665C0 

0,78 

1 4  3  6  < 

7235 

87L5 

-lorn. 

116  47 

13118 

145  89 

16060 

17531 

19002 

u.i>75 

12.0 

30.  1 

_ 67000 _ 

•t 

Cl 

i 

...  15781 

7287. 

8768 

10250 

11732 

13214 

I  46  96  . 

16178 

...  .1.7  66  D 

19142  . 

0.075 

12.0 

29.7 

_ 6  7500 _ 

_ 6. 94 _ 

. 16941 

7350 

8843 

10  336... 

.11829 

.  1  3322 

14815  . 

.  16308. 

...  1180!.. 

19  294 _ 

0.075 

12.0 

29.6 

68300 

18276 

.  7406 

8910 

10414 

119  18 

1342? 

149  26 

_ 16430 

17934 

19438 

0.^75 

12.0 

29.  4 

_ 60500 _ 

1.11 

19722 

7460 

8975 

10490 

12005 

1  3520 

15G3S 

16551 

18066 

19581 

0.073 

12.*0 

29.1 

REMARK  COM  I  CORRECTED  GH  WltM  GGO 


GRAIN  STABILITY 


H-21  MM3.  FULL  a»l0.7»3  S.V.  ARR. 

PARIlCtl-AR  OF  STABILITY  *  : 

"nils  SHIP  '  CRITERIA  IMCO  •  **~"oiEC»i  LIST 

DISPLACEMENT  A.73t»  HT  *4029  LT  —  A  i  AREA  SET  tiki*  6.0  LEG*  A  NO*  3 1/«  <7  DfcG. 

- £U31£CJ[tQ_(i51 _ 2.510_M _ A.23  5..F-T _ 0.3. _ M _ . _ 

RESIDUAL  STABILITY  AREA  0.a7»  M-RAJ.  1.5®2  FT-RAD,  0.075  H-RAO.  0.369  M-RAO.  1.211  FI-AAD. 

_ U^LlNi-ANGLH _ i . . .  2.?,Q£G.  ...  .  ,12..  DEG. _ .... . . .  . . _ _ _ _ _ 

ACTUAL  HccLING  MOMENT  3756  MT-M  13306  LT-F|  —  •  AS  AREA  BETWEEN  0..  OfcC.  AtO  Av.t.  DEG. 

_ a*A^_RIuilIl!l\»-L£Ys3 _ 1,392..* _  4.5c»t._FT_ . — . _ _  _  . .  . .  „ 

HAS.  AICMTINL  LEV5H  AT  ANGLE  37.6  DEG.  —  0.608  H-ttAD.  1.993  FT-iUO. 

_ AISLE  QP  FL2J3LH6 _ A  A.  5  D  I  G  * _ r._ _ 

RANGE  OF  RESIDUAL  AREA  37.6  Osu.  —  C  «  AREA  BETWEEN  30.0  DcG.|AI  ANO  60,0  DEL. 131 


_ RAKL'A-J _ u.K?  M  ...  _v.A23_FT  .  —  . .  .  _  ...  _  _ 

ALLOWABLE  HEELING  MOMENT  26*03  MI-H  fltB6d  LT-FT  —  0.1J9  M-RAD.  u.7#*  FT~*UO. 


- 1  fmJ  u _ J  _ i _ 

_ 2a.Uk _ ju.iL?2_I _ *_ _ _ 


_ Aft.i  I _ p,o _ It _ 


GRAIN  STABILITY 


SUMAAY 

TABLE  OF  GRAIN 

STABILITY  CALCULATION 

cnNDirrnNS 

GRAIN  LOAD 
(S.E.-  50) 

GRAIN  LOAD  CRAIN  LOAD 

_ (S.F.*  53 ) _ ( S.F.«  55  ) 

GRAIN  LOAD 

IS,F.«  551  _  _  _  .  .... 

• 

_ VANCOUVER.. 

JAPAN 

.VANCOUVER _ 

JA  PAN 

(ITEM) 

(UNITS) 

OEP. 

ARR. 

OEP. 

ARR. 

S.G.  OF  SEA  WATER  (HT/CU8.H 

» 

1.0150 

1.0250 

1.0250 

1.0250 

trnuiffc  cirrm  rn i*  ct/iti 

<A  A  A  A  A 

1C  A  §  A  A  A  A 

««  AAMl 

kk _ AAnn 

DISPLACEMENT 

(  MT 

59759 

;  59355 

56137 

55813 

CORRESPONDING  ORAFT 

(  M 

11.38 

11.31  * 

10.73 

1 

10.68 

L  C  G 

I  H 

-6.41 

-6.45 

“6.65 

-6.67' 

L  C  8 

I  M 

“6*08 

“6.09 

“6.33 

-6.35 

HTC 

IHT-H 

734.6 

732.7 

717.6 

716.3 

TRIM 

1  H 

-0.26 

“0.29 

“0.25 

-0.25 

LCI 

1  M 

-1.49 

“1.55 

“2.23 

-2.30 

DRAFT  AT  FP 

(  M 

11.52 

11.45 

10.66  ' 

10.80 

AT  AP 

<  M 

11.24 

11.16 

10.61 

10.55 

AT  MID. 

(  M 

11.36 

11.30 

10.73 

10.67 

T.KH 

1  M 

13.C5 

13.06 

13.12 

13.13 

K  G 

(  M 

10.33 

10.44 

10.36 

10.49 

GGO 

<  M 

0.16 

0.17 

0.22 

0.23 

- 

COM 

t  M 

2.54 

2.45 

2.54 

2.41 

HEELING  MT.  TO  1  OEG. 

(MT-H 

26  50.0 

2539.0 

2490.0 

2349.0 

ACTUAL  HEELING  MT. 

(MT-M 

5474 

5474 

4977 

4977 

ALLOWABLE  HEELING  MT. 

(NT-M 

36031 

34617 

3394  9 

32163 

HEELING  ANGLE 

(OEG. 

wmsm 

2.1 

2.1 

RESIDUAL  ST  ABILITY 

1  AC  i 

|M  -RAO. 

0.669 

.  1  v*  '~m 

0.670 

— »_i - - — 

0.726 

0.698  .  • 

• 

»  ;  *  1 

ANGLE.!)  E..ELQQOING _ (DEG*) _ 49.8 _ 50.1 _ '.32.2 _ 52. -V. 


HAX*_aiGUTimJ.EVl3 _ L  H _ 1 _ 2.0Q _ L.S6 _ 2.1.8 _ 2.U 


GRAIN  STABILITY 


'U — ir.'oooo — o.ooo — orooo — orooo — vraov 


oFiitiiuTTifi  mmnraPERi"tJF“t  *cirtoN5iucH"!rj«n  Nc~Amri5io“Tif  (r.r 

(UNITS  I  HT~H  I 


U<E0.-<2il<#„jL-aC£uL*£-rtA 
c*  *r  A?  &Aip  JZJfif.) 


- O  A  (TO  “MOtO" 


NO.  I  tAIGO  IKUO 


_Nn .?  c  a  nr,  nnn  to 

NO.  3  f.ANGO  onto 


N0.4  C43KQ  HOLD 
NO.^  CArxjT  HOLO 
NO.  A  CAUf.O  HOLD 


NO.  7  CA  ir.n  not  0 


TOTAL 


AEKANK  I 


IIFELlNG 

"HoRtNT~ 

IN  MAT 


MOLD 

mi  i 

onto 

473 

HOLD 

1059 

MOLD 

1132 

HOLD 

.  .  1 

113? 

•  1010 

1 

IITA  1 

!>.?.»  API 
VANCOWIR 

“W._ - 


141? 
3<W 1~~ 

1014 

ini — 

473 
3 — 
440 

Iff.  9 — 

I01& 

II  3? 

10 1 A 


I S.F.*  421  IS.F.»  421 


VANCOUVER 

CIP. 


JAPAN 

~*wc; — 


(ALTfNNATEt 
JAPAN  ANA. 


^ji-rLINr,  H0/1ENT  *1.  I2*(  CALCULATEOMEELlNG  HOHENT  I 


GRAIN  STABILITY 


(  B  -  1 ) 


HOMO.  FULL  D-10.763  S.V.  DEP. 


D  1 S  P . 

4  5  3  2  1.0 

MT 

CRAP 

10.766 

M 

D  R  F  P 

10.766  M 

K  GO 

9,070 

M 

GOM 

2,440 

M 

HEELINC  ANGLE 

2.91  DEG 
HEELING  MOMENT 

5756.  MT-M 

STABILITY  AREA 

0.4533  M-RAD 
FROM  2,91  DEG 
TO  37.61  DEG 
AT  RA  M  DA  0.127  M 


i _ I _ , 

-30  -20 


RANGE  OF  POSITIVE  RIGHTING  LEVER  FROM  0.0  DEG.  TO  44.0  DEG. 
MAX.  RIGHTING  LEVER  -  1.299  M  AT  37.6  DEG 

FLOODING  INTO  MAIN  HULL  AT  ANGLE  -  44.0  DEG 


ai 

00 


GRAIN  STABILITY 


ccn  1 


FULL  LOAD  CONDITION  AT  P.G.  PEP 


ROUND  RANKER 


_ DAttAGQR-PLOnillNrLJCALCULATIQN  .  .  IN  FINAL  . STAGE 

_ ULJfiIlIAL_£QSniim _  _ 


■  IIIIIJ  II  U.f 

rrnmtMMm 

-10.010 

roM  * 

_&RAFT.  AT  FP 

20. GOA  (Ml 

20.  374  |M )' 

_  20.189  <H ) 

7CG 

KG 

0.0 
14.0  70 

(H) 

IHI 

DRACT  AT  AP 
DRAFT  (MEAN) 

TRIM 

0.370  (H) 

• 

HEEL  (DEGREE) 
(TANGFNT ) 

0.0 

0.0 

121  FLOODFO  COMPARTMENT 

NAME  AND  THEIR 

WE IGMT 

NO 

FLOODFO 

COMPAR1MFNT 

PcRMrA-  HEIGHT 
niLITY  <MT)  .. 

LCG 

(H) 

TCG 

(M) 

KG 

(Ml 

13 

NO.  3  W.U.T.  |C)  1.0)0  29552.7 

-18.135 

o.oco 

11  .C  30 

131  FLOOOCD  FINAL  CONDITION 

DISPLACEMENT 
_ HTI _ 

LCB 
(HI  ... 

TCB 

(M) 

KB 

(Ml 

MAIN  HUIL 
FLOODFO  SUM  <-I 

328 34 1. 4 
29552.7 

-1C. 751 
.  rlO»)35.. 

0.000 
Qt  000 

I1.3C3 

11,63(1 

RESULTANT  TOTAL 

2«a7«8.7 

-10.021 

0.000 

11.417 

DRAFT  AT  FP 
...  DRAFT.  AT.  Ap 

22.399  (H) 
21.670  (M) 

TONS  PER  1  CM 
TR AMSVFRSE 

1MM  •  148.666  (NT) 
GOM  8.17  2  (M) 

DRAFT  1 Mf  AN ) 

22.035  (M) 

LONGITUDINAL 

GOM  391.813  (M) 

TRIM 

-0.730  ■  IM 1 

LOWEST  INFLOW  POINT 
FRAME  NO.  56  OIFF. 

0.0  (Ml 

HEEL  (DEGREE) 
t  TANGFNTl 

0.000 

0.000 

BREADTH 
HEIGHT  A80VE 

BL 

0.0  (H) 

27.903  (H) 

HEIGHT  ABOVE 

WL 

6.125  (Ml 

— i.  ■ — 


I 


CON  1 


FULL  LQAO  CONDITION  41  P.G.  PEP • 


ROLNO  BANKER 


. . RELATIONS  BETWEEN  WATER  LINE. AND  DECK  .SIDE  LINE  .IN. FINAL  STAGE 

...  _  DISTANCE _  DRAFT  ...HEIGHT  FROM..  DRAFT  .  HEIGHT  FROM 


NO 

STATION 

FRCPf  AP 

AT  CL 

WL  TC  D<  CL 

AT  SL 

ML  TO  OK  SL 

.  1  Ml 

(Ml 

C  Hi 

_ (H» _ 

CHI  ....... 

I 

-0.258 

-R.250 

21.651 

6.232 

21.651 

6.252 

. .  .  2 

..  o.o 

.  0.0 

. .  21.670 

.  6.223  ...  . 

21*670 

6.064  , 

3 

.  SOT 

16.02  i 

r». 706 

6.19T  , 

21.706 

.5.672 

.  A 

l.too 

?2.030 

...  21.743 

.  6.160 

21.743 

•3.437 

9 

1.500 

41.000 

21.779 

6.1  24 

21.779 

5.290 

6 

2.000„ 

,64.000, 

21.816 

6.087 

J>1.«16_ 

3.147 

7 

2.500 

00. OuO 

21.852 

6.051 

21.852 

5.  148 

o 

l.nno 

06. 000 

_  21 ,81)9 

.  6.0)4 

21.089, 

5.111  ...  . 

9 

3.5«*  * 

112.0  >1 

21.925 

3.978 

21.925 

5.075 

.  10 

a;ooo 

.  ...  128.000 

„  .  21.9<.2 

.......  5.941  _ 

21.962 

5.C38  . . 

II 

A. 500 

144 .000 

?l.9oa 

5.903 

21.998 

5.032 

12 

.,5.UUO_ 

160,000. 

22.035 

9.868 

_22.03S_ 

4.963 

13 

5.500 

176.000 

22.071 

5.8  32 

22.071 

4.929 

_ _  1  A 

6. non , 

..  .192,000 

_ 22.108  . 

....  5.793  . 

22.  108 

..  4.892  . 

19 

6.000 

2'<R  .6  ■*  ' 

22.144 

5.759 

22. 144 

4.656 

16 

7.003 

.  224.033 

. 22.100  . 

.-5.723. 

22.181 

4.619 

17 

7.500 

240.000 

22.217 

5.686 

22.217 

4.783 

18 

R.uOQ 

256..0Q.Q 

22.253 

5.650 

JI2..234 

4.746 

19 

8.500 

272.000 

22.290 

5.613 

22.  240 

4.736  ' 

.  20 

9.000 

„  .2  88.000 

.  22,326.. 

.  5.866 

22. 326 

5.131 

21 

9,500 

3'4,0  r. 

22.363 

7.060 

22*363 

6.  56  B 

.  22 

10.000 

320.000 

. 22.399 

8.2  56 

22.399 

8.  147 

INGLE.  A  t_HttICILJ>FjC4-£CftO;QINCI.Df  SlJUJH-JLU&OJNE _ Ifr.OlO.DEG^ 

AROVE  POSITION  STATION  8r  401  1268.840  |M|  FROH  AP  ) 


. . RELATIONS  9rTWE5N  WATER. LINE  AND  INFLOW  P.OINT..IN  FINAL,  STAGE 

_ ^a=sar.-r=-JL«F LOH_EflI.NT..S  _ UgJPH.l_FAQa _ 4MCL.F  .AL.WHp.CH_ 

NO  FR  .NO*  DIFF.  BRFAOTH  HEIGHT  ML  TO  INFLOW  l.P.  COINCIDES 


..  CHI  ...  <H|  ....  CHI  .  _ POINT  CHI  .  .WITH  ML  CDEGl 

1  56.033...  P.0  .....  0.0  ,  .  27.903 _ _ _  6.125.  .  90.000 

2  20.000  0.0  20.000  20.900  6.796  18. 760 

*  r\  A  A  A  Art  Art  rt.A  Art 


o 


ONU  1 


HE  Eire  HE  fJrFOITTUnDDTDf  I 


♦♦PARTICULARS  FOR  STABILITY 


01 SP  LACEMENT  35600.  HT  DRAFT  AT  AP  I0.P09  H 

- - ltu.flOV“K - 

CORRECTED  KG  (K&01  10.260  H 

- COafTECTFITCHTCimi — IDTTnjlTH - 

♦  THRIGHTINff'lTVER^CZT"CUAVF"TN  FORMATION - 

- rang  e~of"p  os  i  nvntrcnn ngtevea — FwofnsToini'EGn'o  9B79n>rc^ 

_ MAX. RIGHTING  LEVER. .  2.076  H  AT  60.67  PEG. _ 


*♦  STABILITY  STUOV  AT  FINAL  STAGE  AFTER  FLOODING 


RIGHTING  LEVER  AT  STEADY  HIND 


DW3  *  0.006  M 
UH6-' *"0.DD7— M" 


ICOEFF. 

icueff;- 


K3  ■  O.Oj.53  I 
TPT  A  iibLIUI 


STA91LITY  AAEA(A|  0.000  H-RAO.  FROM  16.96  DEG.  TO  16.95  DEG. 

ST  AO  I L  IT  Y  AREA! FT - ZV360"H=RAD: — FROM  '16"i'95—UEGTJ  TO — 9ii;79'DEG7 

AREA  RATIO  CBa  D/A  «*0.0 


♦  ♦  RIGHTING  LEVER  A NO  DYNAMICAL  SIAUILITY  CURVES 


INCLIN. 

Rl  GHIING 

RIGHTING  LEVER  (GZI  IN 

(Ml  DYNAMICAL  DYNAMICAL 

ANGLE 

■^XFVFR 

STAO ILITVSTAB ILITT- 

n>=G> 

/  (HI 

0.0  2.0 

6.0  (H-RADI 

(MT-NI 

0.0  ' 

-7.663 

1 

0.0 

0.0 

5.  Ou 

-1.701  • 

i 

0.0 

V.U 

6  .•  M 

I  V#  WV 

-J.074> 

• 

s 

A  A 

V  •  V 

n  f% 

u  au 

I  5.  00 

-0J115 

•  I 

o;<r 

- ovo — 

2 >. 

'i.  537 

1  • 

0.0161 

500.3  ' 

' 

IT677 

1  i 

0.  itiJi 

36 1 1  #o 

30.10 

7.776 

1  • 

0.2695 

9595.6 

35.00 

2*  lib 

1  . 

0.6B99 

17641 .5 

60.00 

2.  076 

I  ft 

0*7356 

2617B.0 

65.  00 

*•037 

i*  • 

u. vo 5 i 

35075*22 — 

5  j,  00 

2.677 

i  • 

1.2266 

43660.4 

♦  ♦  CHECK  HRIIE  ♦  ♦ _ 

LATERAL  HINOAGE  AREA  *  1056.96  SQ.M 


HEAVY  BALL.  FULL  BUNKER 


DEPARTURE 


to 


DISP. 

33199.6 

MT 

DR  AP 

8.792 

M 

DR  FP 

8.218 

M 

KG0 

8.227 

M 

GOM 

3.866 

M 

RANGE  OF  POSITIVE  RIGHTING  LEVER  FROM  3.9  DEG.  TO  91.1  DEG. 
MAX.  RIGHTING  LEVER  2.499  M  AT  42.1  DEG 
FLOODING  INTO  MAIN  HULL  AT  ANGLE  -  57.5  DEG 


DWI  0.033  M 

DW2  0.049  M 

ROLLING  ANGLE 

15.00  DEG 

STABILITY  AREA 
A  "  0.1423  M-RAD 
B  -  2.1745  M-RAD 


fil 

if® 

•1 

» 

m 

“p 


HEELING  ANGLE  -  DEGREE 


S NO.SZZZZA  LIGHT  WEIGHT  DISTRIBUTION  CURVE 


TOTAL  LIGHT  WEIGHT  =  7644.00  M.TON  LENGTH  O.A.  187.730  M 

G  =  12.420  METER  LENGTH  B.P  178.000  M 


_ .ROINO  RANKER _ „ 


.conn  1  FULL  LOAD  -CONDITION _ AI_7.G.  ,P£P. 

STILL  WATER  CWPIUHT 

_ Mm  LENGTH  «  0.1  M  HEIGHT  ■  0.0  H  CREST  >  ft.f*  H  FROM  AP 

nEADWc  (GUT  -  26 1120. HT  ORAFT  AT  AP  m  20.5CCH 

_ DISELAC*M*.KT  •  ?9)780.MI  DRAFT  AT  CP  ■  19.594N  _ 

SRFC1FIC  0  •  1.02)0 

OUM_MAX_S E-J _ nfl3fra.HI _ _  AT.lfrfr.3Q0M FROM  AP  «PE«NT  UP»nQUN  *F 

UPP  MAR  J F  -  A7TT.HT  AT  2O9.460N  FROM  A*  -MEANS  OfWNUPr  JF 

5AC-J1AX  AH  -  2^Afr"A,HT-W _ i?V*  F91H  AP  «HfANS  SAGGING  PH  _ 

HOG  MAR  )M  ■  -"AS  99  »MT-H  AT  17T.479M  FROM  AP  -«EANS  HOGGING  AM 


CAL.  POINT  01  AT  ANTE  DRAFT  TOTAL  HEIGHT  iUOYANCY  ’’ "  SF  IRM 

NQ.ERNO  PUf-gfiflM.  _ till  (LEFT!  MIGHT)  <50. HI  'iMTl  IHT-H) 


_L. 

■=xi_a,2io_ 

-ft.nrn 

.  ? 3 .3 1 4  . 

>.  P 

7  |  *  • 

54.063 

_  •3.0 

o; 

6 

i 

-10  3.0 

-7  .5  DO 

20.31) 

34.76P 

54.765 

1.626 

-27* 

-1 

_s_ 

-9  O.ooi 

-4.749 

?n.!>ty 

93.376 

5.«6> 

_  -A1» 

-42 

A 

—9  0.360 

-6.4  0.7 

70.913 

56.317 

56.317 

12.35) 

1  • 

W.7 

JL 

BBiRiUI 

W  N  W  l  LI 

Kmui 

...  37.5<») 

27.735 

-17). 

i  vm 

6 

-4-Pi757 

-4.3"* 

2‘..9  5 

50.639 

f  9.6*.9 

32.444 

-163. 

-365 

7 

-3-0  .000 

-3  .7  30 

70.567 

5n. ocn 

6°  t2i0 

J4.773 

.. .  -170. 

...  -Mf 

5 

-3  0,37) 

-1  .5  7) 

70.504 

67.470 

67.479 

-206. 

-766 

_9_ 

-HL.fr.00— 20.51*3 _ &2ilS4_ 

—frLU  3t_ 

-liiHL 

_ -7(0. 

-57) 

10 

0  0.0 

0.0 

KMI 

64.555 

64.435 

S3, 566 

-774, 

-1  17? 

Ll_ 

■siun 

1  .  ?  «0 

70.4OA 

66.43a 

46  .*  35 

66.?17 

-1444 

12 

2  o.o 

1  *  1 

2  3.4°5 

66.746 

66.746 

67.69.3 

-225. 

-1510 

13- 

-1-0.0 _ 

— 2.2!3„?0.*'>6- 

_  67.677 

_  67.672 

77.713. 

— -??I, 

....  -IfrTP 

14 

4  O.’CO 

3.»00 

70. 4<.) 

60.045 

66.54) 

75.306 

-213, 

-1  P«) 

14- 

-UL.  240 _ *. POO  20,493 

69.006 

69  .3  06 

.  53.973 

_.-?03. 

_  -2G57 

16 

A  0.0 

4.5  00 

20.492 

70.406 

1  It?  .372 

50.1?" 

-1*4, 

-7151 

IX- 

■nvm 

HiWUl 

IUK1UI 

— -nr,. 

_ r??tn 

in  o-n.JfO  6.4'.’>  23.4P5  iV».OT,  l'-9.367 

_ LS _ ta_fl.Q _ I^_CIL_Za.*PA  _I12.2U._I12.2M.., 

20  11-0. 250  A  .O'.'O  70.455  1 1  3. 64  7  113.697 

-21 _ 14_j1.Q _ 1*1,1  ill _ 2('.AP0„  120.9)1  _  96,302.. 

22  16  0.0  »2.nrO  20.475  102.075  102.070 

>'  17  '.3  l>.7*3  7T.4T6  1*4. 9»R  165,911 


rrmgi 

pn 

IBiJi  flH 

BTTffj 

iStr  wi 

mm 

sBTfjl 

Unto] 

fXTwiJl 

■HT 

BJffl 

Bnr 

rSSuxI 

iilw1 

Bijx! 

24  17  0.0.-0  12.000  20.470  16/. 254  100,214 

-20_20  0.0 _ 13. PAQ >Q.4  7?  .  101.257..  203.574 

26  21  O.IPO  lA.orn  20.470  210.360  210,360 

-22 — 23-0. 100 — 1X.6DQ _ JO.iftl _ 221.-21  B _ 22), 213 

20  25-0.300  II. 200  20.464  272.0)4  232.014 

-23 _ 21-L.-223 _ 1-R.723  7'. 4*1  ?3fr.f4)  233.341 


27.462  237 

3^461 _ 242. 

70. 4)5  24? 

2!L.45S_26*. 

20.462  274. 


359  2  37.309 

,162 _ >42.76) 

130  2)2.130 

U2__2frt.ll!*.. 

726  274.726 

Of*  2Q3.I7A 


374. ?05 
337.196 
3)9.551 
355.05) 
413.090 


f  54. 
634.  , 
757* 
.101?*. 
1275. 


-17J7 
-762 
230 
.  15*5 

3642 
5103 


36 

34-0.400 

27.7  CD 

70.449 

301.417 

JM.417 

437.729 

1471, 

5717 

_11— 34-0.  4£!Q_J!fl.Jl.fj[l__21LA41H_11.413U_lll1iT7  4)0.669 

U*9.__ 

.  7050 

35 

3)  0.4*0 

35.9*0 

20.44) 

330.  204 

330.20* 

464.545 

1735, 

5634 

-12— 26=Q.Qflft. 

_ Zt.SCQ™ 

_M.6*Sr 

337.595 

31). 306 

. 471.362 

_1903, 

.  **431 

43 

3)  3.4  f.O 

29.550 

20.444 

322.653 

322.653 

475.152 

1*79, 

10260 

*L 

Hmi9 

i 

8 

9 

M 

EERnl 

tsnmsa 

nnun 

7071. 

11917 

47 

39-0.100 

37.0T0 

70.440 

357.977 

3)7.977 

910.271 

2236. 

14674 

-43 _ 5Q..A  .0 _ 

44  42  0 .400 


J3 . 0  C2__2fl .  4  25__3U.  31  i  _?fr4 , 1 33 ...»  24 .  *5  * 
33.200  20.434  413.5)5  413.195  996.59) 
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BENDING  MOMENT  AND  SHEARING  FORCE  DIAGRAM 


PHOSPHATE  ROCK  LOADINGCONDITION  TESTING 
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30.24 

.-20.18 

FR. 1 110.000) 

B.30 

3,10 

-2.76 

203.32 

79.50 

-72.67 

FR.I 106.0001 

12.66 

6.52 

-3.09 

616.52 

157.20 

-140.57 

FR.I 102.0001 

16.66 

5,96 

-6.95 

711*20 

263.99 

-230.06 

FR.I  9B.000I 

20. BB 

7.37 

-5.93 

1096.23 

399.72 

-341.97 

FR.I  96.000) 

25.11 

8.79 

—6.03 

1563.36 

564.40 

-472.25 

FR.I  90.000) 

29.33 

10.21 

-7.65 

2110.69 

750.27 

-620.06 

FR.I  06.0001 

33.56 

11.63 

-8.39 

2760.20 

901.09 

-783.76 

FR.I  B2.000) 

37.70 

13.06 

-9.05 

3407.87 

1232.93 

-961.71 

FR.I  70.000) 

61.89 

14.67 

-9.62 

4300.79 

1513.75 

-1152.24 

FR.I  76.000) 

65.66 

15.82 

-10.09 

5194.54 

1022.90 

-1353.47 

FR.I  70.000) 

60.91 

17.03 

— J0.44 

6160.22 

2150.26 

-1563.13 

FR.I  66.000) 

51. 

10.02 

-10.60 

7105.45 

2516.13 

—1770.70 

FR.I  61.000) 

53.32 

10.76 

-10.81 

0255.75 

2091.70 

-1990.15 

oo 

M 


§m 

Iff 

2j! 

$$ 


COND  1 


FULL  LOAD 


CONDITION 


AT  P.G.  DEP. 


ROUND  BANKER 


AFT  DRAFT  25.04  METER  UNIT1.  SHEARING  FORCE  IN  METRIC  TON 

BASE  DRAFT  25.00  METER  BENDING  MOMENT  IN  METRIC  TON-METER 

TRIM  0.01  METER 

S.G.  OF  S.M.  1.02500 

LOCATION  SHEARING  FORCE  BENDING  MOMENT 


FR. (119. 000) 

-6990. 

53630. 

FR. (114. 0  00) 

-1720. 

153990. 

FR.(IIO.OOO) 

1560. 

154800. 

FR. (106. 000) 

4  6  5  0. 

91260  . 

FR. (102. 000) 

-4150. 

86040. 

FR.(98.000) 

-1040. 

139060. 

FR.  (  9  4. 0  0  0  ) 

2130. 

127890. 

F  R  .  (  9  0  .  0  0  0  ) 

5  3  7  0. 

51160. 

F  R  .  (  8  6  .  0  0  0  ) 

8530. 

-90570. 

FR.  (  8  2.  0  0  0  ) 

-190. 

-175610. 

F  R  .  (  7  8 . 0  0  0  ) 

-8070. 

■82960. 

F  R  .  (  7  4 . 0  0  0 ) 

-5540. 

64280. 

F  R  .  (  7  0  .  0  0  0  ) 

-1860. 

140490. 

FR.  (  6  6.  0  0  0  ) 

2430. 

133970. 

F  R  .  (  6  1 . 0  0  0  ) 

6  2  9  0  . 

44470. 

oo 

co 


Mi i 


*+  LIGHT  WEIGHT  DATA  *♦ 


_ LIGHT  WFir.HTjLW)  •  ..  300(1  f  _  _ _ _ _ _ _ _ ; _ 

MIDSHIP  G.  IXG)  •  ?•  500  H.  ^ 

—1UU  *.1X61 _ »  7*00.  HT-H. _ _ _  . 


CAL.P.NO.  1ST 

INTEG. 

2ND  INTEG. 

(1 

1 

120. 

_2AL* _ 

326. 

1304. 

7 

761. 

1304. 

3 

522. 

_  5217. 

A 

522. 

5217. 

5 

57?^ 

5217. _ . 

♦♦  BONJEAN  DATA  FOR  SEAM ATE-4#8  ** 

MINIMUM  DRAFT 

1.00  METER 

DRAFT  INTERVAL 

A. 00  METER 

_ NUMBER  OF  DRAFT 

5 

.  MEAN  DRAFT. _ _ _ _ _ _ 


. . 1.00 _ 5.00 _ .9.00 _ 13.00 _ 17.  0.0. 

BON  J.  NO. 


0  AO. 00  700.00  360.00  520.00  680.00 

_ .1 . . .AO  .00 _ 2,00.  OQ _ 360. .  QQ. _ .520.00 _ 680.0Q _ 

2  AO. 00  200.0*1  360.00  520.00  600.00 

^♦♦'diVffrencf  TABLE  OF  BUOYANCY  ♦♦ 

. . . . ...liUFF..-  SIMPSON  -  TRAP61QIDI _ _ 

....... _ _ _ .HfiN_DRAPJ _ 

.  .  1.00  5.00  9.00  13»OQ__lT*flO _ 

PREP. NO. OF 

.  „CAL.f  .N0. _ WfJJfAN _ D1EFE RlN£f_I.N_CU g.,. J!* _ 


0  1J  ^0  o  *o  •  — p# 

l  6  o.  o.  o.  6  •  o. 

_ 2 _ : _ fi _ k _ Oj _ o* _ Qs _ 0 •_ 


SEA  MATES  DATA  % 


♦*  TANK  TABLE  FOR  SEAMATE-fl  •• 


..  .  TANK  .NO.  . 
(OLD!  (NEW) 


TANK  NAME 


. _..ehp.t.y . 

MtO«G.  ( VOLI  (KG) 

_JH1 _ _ 


MIDDLE. 

( Will  (KG) 


-45.000 

0.0 

C.b 

■  600.0  1 

.-35.000 

—0.0  _ 

0.0 

.  600.0  „  1 

-20.D00 

0*0 

0.0 

1200.0  1 

0*000 

0.0 

0.0 

_ 12PP_*Q _ !. 

55.000 

0.0 

o.o 

4000.0  5 

10  1  FOPE  PFAK  TAW  ( Cl  _ -5Z.500_0.0 _ 0,0 

11  ?.  NO.!  W.  n.  T.  .'|  PR  SI  ~45.000  0.0  C.O 

_ 12 _ 3 _ NO. 2  W.  R*  T..  JPGS) _ “35  .000 _ 0. 0 _ 0.0 _ 

13  4  NO. 3  W.  P.  T.  (TtS)  -20.D00  0.0  0.0 

14  5  NO .4  W .  B.  T.  (PBS) _ 0^0 00 _ (u.0 _ G.,0 _ 

15  A  AFT  PEAK  TANK  (Cl  55.000  0.0  0.0 

1  _  7 _ FRESH  WATER  T.  (PCS) _ ?4.265_  0.0  _10.000 

5  A  NO.!  F.  0.  f.  (PCS)  20.000  0.0  0.0 

_ A  _  9 _  pIFSTL  OIL  TANK(PCS) _  35.000__0.0 _ 0.0  . 

21  10  NO. I  CARGO  MOLD  (C)  “45*000  0.6  5.000 

_ XI _ LI _ NJ.2  CARGO  MflLO  (Cl  “35.000 _ 0.0  3.000 

23  12  NO. 3  CARGO  HOLD  (Cl  -20.000  0.0  5.000 

_ 24. _ 1  3 _ N0«4__C  ARGO  JipLO _ JO _  0tp  _0.0 _ §.000 

25  14  NO. 5  CARGO  HOLD  (C)  20.000  0.0  5.000 


_  700.0 _ 13.357 

1200.0  1.000 
_  200. 0_  1.000 
2000.0  0.50  0 

28  00.0  8  ,5  0  0 

5600.0  8.500 

JSAOO.O _ 8.500 

5600.0  8.500 


♦0  TANK  TAPLF  FOR  SEAMATE-4f0  ♦♦ 


--.TANK. NO. 
(OLD)  (NFW) 


TANK  NAMF 


.  MID.G.  AFT 

(HI  FRNO  6 IFF 


1  FORE  PFAK  TANK  (Cl  -52.500  100  0.0 

...2 _ NO .1  W.  P.  T..  .  (PCS)  -45.000  90  0.0 

3  N7.2  W.  P.  T.  (PCS)  "-3f >»•.'(■'  80  0, !■ 

_  4. _ NO. 3  W.  B.  T.....(Pr,S)  _r20.000  60 _ 0.0 

5  NO. 4  W.  0.  T.  (PCS)  0.000  40  0.0 

—6 _ AF-T  PEAK  TANK  •  (C)  _  55,000  -10,  0.0 

7  FR^SH  WATER  T.  )P£S)  34.265  10  0.0 

„  P  ...  NO.l  F.  P*.  T.  _  f  PC  S3 _  20.000  20  0.0 

9  OIFSFL  Oil  TANKIPGSI  ”35.000  10  O.tf 

.10 _ NO. 1.  CARGO  HOLD..  (Cl  _-45,000  90  0.0 

11  NO. 2  CARGO  HOLD  (Cl  -35.000  80  0.0 

-12 _ NQ.3  CARGO  HnLP  (C)  -20. t-PO  6>  0 .0 

13  NO  .4  CARGO  HOLD  (C)  0.0  40  0.0 

14  .....NO, 5  _C.AR.no  JiPLP_  (Cl_  20.000^  20  I  jO.O 


F  OR  E._. 

FRNO  DIFF  FIAT 


20  0.0  0 

_  40 _ 0.0 _ 0 

20  0 .0  0 

.100 _ 0.0 _ 0__ 


__4Q _ 0.0,  1 * 3 * 5 * 7 * 9 * 11 * 13 14  0 


LAUNCHING  HK IGHT  (WITHOUT  SLIDING  WAY}  ■ _ 10*11 .00  _MT_ 


LCG  FROM  MIDSHIP 

■ 

10.920 

H 

KG 

■ 

11.130 

H 

_ LAUNCHING  ME  IGHT_I_WI  TH  JJ.IDING  MAY! 

m 

1QS79.9A 

1  * 

HT  _  _ 

LCG  FROM  MIDSHIP 

m 

10*506 

H 

KG 

m 

10.969 

H 

SLIDING  WAY  » 

I 

DECLIVITY  BETWEEN  AP  AND  FP 

m 

7.167 

H 

DECLIVITY  OFJWFEN  POPPET 

« 

'  5.821 

H 

COEFFICIENT  1 

STATICAL  FRECTINAL  COEFFICIENT 

between  mays  • 

0. 035000 

OYNAM1C AL  FRECTJN/.L  COEFFICIENT 

M TWEEN  WAYS  • 

0.022:00 

COEFFICIENT  Op  WATER  RESISTANCE 

V 

0.070000 

_  th«  jut*  J?*!.. increase,  of  veriual 

HASS 

• 

0.200000 

AREA  OF  BEARING  SURFACE  '*  6A6.U 

SO.H 

_  MEAN  PRESSmej'EFp_R6  LAUNCjllNG  » 

U.93 

HT/SO.H_ 

.  , 

INITIAL  LAUNCHING  FORCI  AT  F.C.  r 

IR.03 

MT 

RUNNING  DRAG  WEIGHT  DATA  1 

DRAG  DRAG  WT*  TRAVEL IH  1  COrFF.  WTWEEN  DRAG  INCLINATION 

NO.  (KT1 .  START . FINISH  '  NT.  AND  GROUND' . ANGLE  OF 

_ _  _ GROUND 

I  200.00  -  10.0  999.0  0.330000 

— 2 - rucr.w - 5070 — *w.o - a  .330033' 


TOTAL  . . . 

DRAG  WT.  300.00 


O.0360C0 
0703  LOGIT 


cn 


I-  l-IU 

- L'AiNtMIHB - CAICUUMOM-“ 

CASE  NO J | 

HEIGHT |HT 

l 

LCGIM  1 

.LAUNCHING  WT. 

IWl TH  SLICING  U AY  » 

iff*  J7IF 

, 

ti.O»l 

•*♦6  FOR  CHECK  ••• 

IMI1H0U7  SLIDING  WAY# 

1740 0.00 _ 

11.300 

— *■  if  At  Af  cats  A/k  ftlK  tX 

HP  1GHT 

OF  T10F 

4.39 

<H  ) 

UPPING 

UFfiNO  , 

O  *  *  dA/X  Mf.jE Jt»J. 

TRAVEL 

ORAFTlN  I 

flUflYANCY 

MOMENT 

MOHFNT*  1 

PRESS. 

(MI/50, M  | 

TRAVEL 

Lcn 

T.KN  , 

in  i 

AT  AP 

AT  FP 

1  Htl 

iht-m  r~ 

iHt-H  1 

* 

PofliS 

INF 

In  1 INF 

0.0 

0.94R 

-7.966 

1 4.4 

2444059. 

3274, 

34.3# 

14. #7 

0.0 

»4.04 

0.31 

1.0 

1.242 

-7.001' 

46.0 

2374&1T. 

7669  , 

14.70 

14.11 

5.0 

12.01 

0*26 

10.0 

1.497 

-7.643 

60.0 

2*44461. 

11503. 

34.10 

14.37  •  ' 

10.0 

11.4*  ' 

0*14  . 

11.0 

1.711 

-7.479 

76.(1 

21951 27. 

14413. 

34.02 

14.41 

19.0 

6  7.56 

1.21 

57TT3 

~F.nl  4 

“-7.31*' 

94.1 

#i0569i. 

i#7i?r 

3  3’. 94 

(4.44 

20.6 

t9.il 

d.U 

21.0 

2.2  11 

-T.144 

116.| 

7016154. 

71M9, 

33.64 

14.41 

25.0 

13.90 

0.70 

■0.0 

-6.974 

141.5 

1  9271  67. 

260  75. 

33*72 

14.12 

30  .0 

11.62 

1.01 

11.0 

2.003 

-6.002 

102.1 

1037493, 

32601. 

11.15 

14.18 

35.0 

71.  70 

2.4  6 

10.0 

1.070 

-6.679 

234  .7 

1  74  6  9  7  7. 

41631. 

33.33 

14.66 

40.0 

73.79 

9.12  " 

41.0 

1.  119 

-6.412 

326.7 

1695717, 

16672. 

32.97 

14.77 

45.0 

71.96 

12.14 

=nr7j 

1.610 

-6.774 

447. t 

156*772.'' 

#6102. 

*2.44 

14.9# 

50. 0 

67.71 

li.A4 

11.0 

1.»63 

-6,094 

627.3 

1469713. 

104114, 

32.14 

■<4.91 

14.75 

55.0 

64.21 

29.17 

*).  * 

4.110 

-9.41 7 

169.1 

1775977. 

147704. 

1  7  .99 

60.0 

61.54 

99.71 

01.0 

4.434 

-1.7  29 

1169.9 

1201100. 

lonm. 

36.01 

.  »1.44  .  Jdf  //  AfJtteJ!.-  ... 

65.6 

54.6) 

16.10 

70.0 

4.713 

-1.143 

1137.6 

1117147*  ' 

743906. 

36.64 

70.0  ‘ 

96.76 

37.16 

71.0 

4.991 

-4.396 
-4. 16# 

I41T.2 

1094741, 

3074)0. 

40.16 

1.3  9 

79.  0 

94.11 

36.90 

no.O 

5,.»#6 

#443.3 

lGoi3l5. 

371403. 

61.45  6.45 

lo.G 

51.  di 

35.33 

11.0 

1.1<.n 

-4,973 

?9P 1.1 

9142P7. 

410200. 

42,03 

3.31 

•  5.0 

50.17 

33.99 

90.0 

1.046 

-4,702 

3541  .6 

021417. 

544177,  ‘ 

43.77 

7.41  *“ 

90  «0 

41.17 

31.67 

°i .  J 

6.131 

-4,397 

4237.1 

747066. 

631023. 

44..7T 

2.53 

55.0 

47.50 

30.11 

lon.o 

6. <.21 

-4.790 

4970.2 

6T0797. 

731190. 

44.56 

1 .76  '* 

100.0 

45.42 

26.41  . 

101.0 

6.7|? 

-4.  ni 

•1641.7 

190210, 

631516. 

44.77 

0.33 

109.0 

44.43 

27.67 

11  0.0 

7.011 

-3.990 

#.4  79  .9 

432  19  3. 

936404. 

43.77 

-0.11 

i  10. 6 

43.  0# 

2  6.47 

111.  1 

7. *6 

-7.777 

7740.4 

472376. 

1044  317. 

42.37 

-0.64 

119.0 

41.66 

25.31 

1  10.0 

7.604 

-3.102 

n09*,l 

419931. 

1111611. 

40.4# 

-0.16 

120.0 

40.42 

24.44 

171.0 

7.*>u4 

-3.176 

0977. T 

374446. 

1771741. 

37.23 

0.36  » 

175.0 

11.26 

23.6) 

no.o 

0.20) 

-3.167 

9901.0 

339079. 

1391610, 

33.02 

2.00 

130.0 

31.  n 

22.14 

ni.o 

<1.«0T> 

10167.4 

310067, 

15170)7, 

26.06 

5,1? 

131.0 

37.20 

22.20 

14.1.0 

1.014 

-».7A4 

11071.0 

797144. 

1647762. 

19.07" 

'4.9) 

140.0 

36. 37  ~ 

71.51 

141.0 

‘*.177 

-*.770 

1*971.4 

29703*. 

1794430. 

0.76 

16.45 

147.0 

35.  56 

21. p) 

no.o 

9,472 

-2.3U 

14046.0 

29206*. 

|  V27AII6  . 

-6.16 

76.  w5 

150.0 

34.67 

20.9)  ‘ 

ni.o 

9.696 

-7.049 

nW09.2 

1 

_  1 

..  .  ..  -> 

155*0 

34.21 

20.14 

160.0 

9.740 

-1.075 

17309.0 

%  . * 

160.0 

31.43 

11.47 

161.0 

9.477 

-1.637 

13722.3 

_UFT  £)L. 

sn/OAiJSj  • 

165.0 

31.54 

11.14 

1  70.0 

9.770 

-1.429 

11017.9 ’ 

170  .0 

31.54 

it. 15 

171.') 

•.HU 

-1.763 

17134.1 

175.0 

30.62 

1  4*85 

no.o 

9.974 

-0.975 

15240. J 

tlU.v) 

21.67 

14.75 

161  .0 

0  ,143 

-0.744 

1 1319.7 

165.0 

21.72 

14.69 

no.o 

0.924 

-«.< 14 

19417. T 

19U.0 

27.75 

14.55  ‘ 

ni.o 

It .  496 

_-'l.?90 

15194.9 

195.0 

26.74 

14.44 

700.0 

0.447 

-0.041 

19721.9 

200.0  " 

25  .  TO 

14.32 

2 1 .  > 

n.7»9 

1  43 

19956.6 

205.0 

24.61 

19*21 

’I  3.0 

fl.l«3 

0.472 

15970.3 

210.0  ' 

23.41 

19.01  *; 

211.0  , 

0.014 

0.413 

14147.1 

1  1  i 

1  • 

215.0 

22.32 

16.96 

770.0 

7.9  |  3 

0.  9  |6 

1630*. 9 

•  I 

220.0  • 

21.12 

16.14 

7.769 

1.161 

16464.5 

f 

229.0  . 

11.12 

11.71 

7.6*7 

M09 

1.9640.J 

230.0 

11. TO 

11.51 

231.0 

7.471 

1.611 

164vl.9 

235.0 

17*46 

16.45 

?4i/.i| 

7.7*6 

1.4,11 

1  64  77 . 1 

240.0 

16.21 

19.33  " 

741.0 

7.175 

2.161 

17150.3 

245.0 

14,97 

15.2*1 

Bp 


£4 

MU 


m 


CO 


200,0  S,\? 

’on,}  i.M 

<10.0  5.59 

7H.0  4.47 

720,0  4.S5 

774.0  5. >7 


210  J'd  i"M 


»45.ft  4.44 

290.0  •  5.45  'l  ’  ♦ 

745,0  '4.4? 


■  arolm>  tore  end  or  sliding  way 


SN02323 


CASE  NO.  (  l-  1-  n 

LAUNCHING  WT.  (WITH  SLIDING  WAY)  17745.03  MT 

C WITHOUT  SLIDING  WAY }  17480.00  MT 

WIGHT  Of  TICE  4.35  M 


ROLL 

INS  f 

6  R  I 

0  0  -  G 

H  T 

ABLE 

* 

to 

DRAFT  I  EXT ) 

ROLLING  PERIOD  (SEC) 

to 

<H» 

6 

7 

8 

9 

10 

11 

•  12 

.  13 

14 

'  15 

20 

25 

30 

-  35 

40 

CORRECTED  GM  * 

GOM 

IN) 

?  »  50 

26.43 

19.42 

14.87 

11.75 

9.52 

7.86 

6.61 

5.63 

4.85 

4.21 

2.38 

1.52 

1.06 

0.76 

0.59 

_ 2*20  ... 

_  ?4.71_ 

13,90 

10.98 

8.90 

7 .35 

.. 

5,26 

4.54  3.95 

1.42 

0.99 

0.7$ 

0.56 

2.90 

23.25 

17.09 

13.08 

10.34 

8.37 

6.92 

5.81 

4*95 

4.27 

3.72 

_ 

2.09 

1.34 

0.93 

0.66 

“  0.52 

3.10 

22.01 

16.17 

12.38 

9.78 

7.92 

6.55 

5.50 

4.69 

4.04 

3.5* 

1.98 

1.27 

0.86 

0*63 

0.50 

3.30 

20.93 

15.36 

11.77 

9.30 

7.54 

6.23 

3.23 

4.46 

3.84 

3.35 

1.88 

1.21 

0.84 

0.62 

0.4T 

3.50 

20.00 

14.69 

11.25 

8.89 

7.20 

5.95 

5.00 

4.26 

3.67 

3.20 

1.80 

1.15 

0.80 

0.5* 

0.45 

3.70 

19.16 

14.09 

10.79 

8.52 

*  6.90 

5.71 

4.79 

4.08 

3.52 

3.07 

1.73 

1.10 

Q.77 

0.56 

0.43 

3.90 

18.43 

13.56 

10.38 

B.20 

6.64 

5.49 

4.61 

3.93 

3.39 

2,9  5 

1,66 

1.06 

0.74 

0.54 

0.42 

4.10 

17.81 

13.08 

10.02 

7.92 

6.41 

5.30 

4.45 

3.79 

3.27 

2.85 

1.60 

1*03 

0.71 

0.52 

"  0.40 

4.30 

17.24 

12.66 

9.70 

7.66 

6.20 

5.13 

4.31 

3.67 

3.17 

2.76 

1.55 

0.99 

0.69 

0.51 

0.39 

4.50 

16.72 

12.28 

9.41 

7.43 

6.02 

4.97 

4.18 

3.56 

3.07 

2.68 

1.50 

0.96 

0.67 

0.49 

0.36 

4.70 

16.26 

11.94 

9.14 

7.23 

5.85 

4.84 

4.06 

3.46 

2.99 

2.60 

1.46 

0.94 

0.65 

0.46 

0.37 

4.90 

15.84 

11.64 

6.91 

7.04 

5.70 

4.71 

3.96 

3.37 

2.91 

2.5  3 

1.43 

0.91 

0.63 

0.47 

0.36 

5.10 

15.46 

11.36 

8.69 

6.87 

5.56 

4.60 

3.86 

3.29 

2.84 

2.47 

i.39__ 

0.89 

0.62 

0.45 

0.35 

5.33 

15.11 

11  .10 

B.OU 

6.72 

5.44 

4.50 

3.78 

3.22 

2.78 

2.42 

1.3b 

0.67 

0.60 

0.4*4 

"0.34 

Itmll 

5.  50 

14.79 

10.87 

8.32 

6.57 

5.33 

4.40 

3.70 

3.15 

2.72 

2.37 

1.33 

0.8  5 

0.59 

0.43 

0.33 

5.70 

14.50 

10.65 

8.16 

6,45 

5.22 

4.31 

3.63 

3.09 

2.66 

2.32 

1.31 

0.84 

0.5  8 

0.43 

0.33 

5.90 

14.23 

10.46 

8.01 

6.33 

5.12 

4.24 

3.56 

3.03 

2.61 

2.2  8 

1.28  ■ 

0.82 

0.57 

0.4  2 

0.32 

6.10 

13.99 

10.28 

7.87 

6.22 

5.04 

4.16 

3.50 

2.98 

2.57 

2.74 

1.26 

0.81 

0.36 

0.41 

0.31 

6.30 

_ 13.76 

-  10*1» 

7.74 

6.12 

4.95 

4.09 

3.44 

2.93 

2.53 

7.20 

1.24 

0.79 

0.55 

0.40 

0.31 

6.50 

13.55 

9.96 

7.62 

6.02 

4.88 

4.03 

3.39 

2.89 

2  *49 

2.17 

1.22 

0.78 

0.54 

. 0.40 

0.30 

6.70 

13.36 

9.81 

7.51 

5.94 

4.81 

3.97 

3.34 

2.84 

2.45 

2.14 

1.20 

0.77 

0.53 

0.39 

0.30 

6.90 

13.17 

9.68 

7.41 

5.86 

4.74 

3.9  2 

3.29 

2.81 

2.42 

2.11 

1.19 

0.76 

0.53 

0.39 

0.30 

nTfl 

7.10 

13.01 

9.56 

7.32 

5.78 

4.68 

3.87 

3.25 

2.77 

2.39 

2.08  ' 

1.17 

0.75 

0.52 

0.38 

0.29 

Ha 

7.30 

12.05 

9.44 

7.23 

5.71 

4.63 

3.82 

.  3.21 

2.74 

2.36 

2.06 

1.16 

0.74 

0.51 

.  0.36 

0.29 

7.50 

12.70 

9.33 

7.15 

5.65 

4.57 

3.78 

3.18 

2.71 

2.33 

2.03 

1.14 

0.73 

0.51 

0.37 

0.29 

7.70 

12.57 

9.23 

7.07 

5.59 

4.52 

3.74 

3.14 

2.68 

2.31 

2.01  ‘ 

"  1.13 

0.72 

0.50 

0.3T 

0.28 

'tt 

7.90 

12.44 

9.14 

7.00 

3.53 

4.48 

3.70 

3.11 

2.65 

2.28 

1 .99 

1.12 

0.72 

0.50 

0.37 

0.28 

ird 

a. io 

12.32 

9.05 

6  .9  3 

5.48 

4.44 

3.67 

3.08 

2.62 

2.26 

4  1.97 

1.11 

0.71 

0.49 

0.36 

0.28 

9.30 

12.21 

8.97 

6.  87 

5.43 

4.40 

3.63 

3.05 

2.60 

2.24 

1.95 

1.10 

0.70 

0.49 

0.36 

9.2T 

8.50 

12.11 

8.89 

6.01 

5.3a 

4.36 

3.60 

3.03 

2.58 

2.22 

1.94 

1.09 

0.70 

0.4  8 

0.36 

0.27 

_3  »  70 

_12.oi 

8.82 

6.76 

5.34 

4.32 

3.57 

3.00 

2.56 

2.21 

1  .97 

1.08 

0.69 

0.48 

0.35 

0.27 

8.90 

11.92 

8.76 

6.70 

5.30 

4.29 

3.55 

2.98 

2.54 

2.19 

1.91 

1.07 

0.69 

0.48 

0.35 

0.27 

9.10 

11.63 

6.69 

6.66 

5.26 

4.26 

3.52 

2.96  ' 

2.52 

2.17 

1.89 

1.07 

0*68 

0.47 

0.33 

0.27 

9.30 

11.76 

6.64 

6.61 

5.22 

4.23 

3.50 

2.94 

2.50 

7.16 

1  .88 

1.06 

0.68. 

0.47 

0.  16 

9.50 

11.60 

6.53 

6.57 

5.19 

4.21 

3.48 

2.92 

2.49 

2.15 

1.07 

1.05 

iimi 

0.34 

0.26 

9.70 

11.61 

8  .53 

6.53 

S>.  16 

4.18 

3.46 

2.90 

2.47 

2.13 

1.86 

1.05 

0.67 

0.34 

0.26 

9,90 

11.55 

A. 4  6 

6.50 

5.13 

4.16 

3.44 

2.89 

2.46 

2.12 

1  .85 

0.67 

0.46 

BEfrpli 

0.2b 

10.10 

11.49 

8.44 

6,46 

5.11 

4.14 

3.4  2 

2.87 

2.45 

2.11 

1.84 

1.03 

0.66 

0.46 

0.26 

10. 3o 

11.43 

8.40 

6.43 

5.08 

4.12 

3.40 

2.86 

2.44 

1  .83 

0.66 

0.46 

0.34 

0.26 

10.50 

11.36 

8.36 

6.40 

turn 

4.10 

3.39 

2.85 

2.42 

2.09 

1.62 

1.02 

0.66 

0.46 

0.33 

0*26 

11.34 

6.33 

6.38 

5.04 

4.08 

3.37 

2.83 

2.41 

1.81 

Cfd 

0.33 

0.26 

10,90  . 

11.29 

8.30 

6.35 

5.02 

4.06 

3.36 

2.82 

2.41 

2.07 

1.81. 

1.02  ■ 

0.65 

0.45 

0.25 

1 1 » 

11.25 

8.27 

6.33 

5.00 

3.35 

2.8! 

2.40 

2.07 

1.80 

1.01 

0.25 

11.30 

11,21 

8.24 

6.31 

4.98 

4.04  r 

3.34 

•  2.80  f 

2.39 

2.06 

'  1.79 

"1.01  " 

MfgS 

Bk£S 

0.33 

'  0.25 

1 1  ,5u 

11.18 

8.21 

6.29 

4.97 

4.02 

3.33 

2.79  • 

2.38 

2.05 

1.79 

1.01 

■KB 

0.33 

0.25 

HUM  -  t  KVft  |2  CURVE 


DRAFT 
‘  i  mi 


♦  MARK  HE  A N$_J I  j E__f  (m ft  E C ir  p__V ALU £ 

.  HARK  MEANS  fl*E  CALCULATED  VALUE- 


'o',  is"' 


0.  ?5 


"d.io" . 6.35 


FLOODAOLC  LENGTH  CALCULATION 


J 


VOLUME  OF  DISPLACFHFNT  AT  FULL  LOAD  DRAFT  IDESIGN  DRAFTI  13.325  |H|  ,  69140.75  (H3I 

DRAFT  F.  DRAFT  A.  SHIP  SHIP  FUNDING  FLOODING  CENTER  FLOOD ABLE  PERMISSIBLE 

-  '  -  - .  VOLUHE  -..-HID.  B. - VOLUME  — L.HID.  B.  ..-.POINT  -1.  LENGTH  —  -LENGTH  _ _ _ 


- 1  Ml - 1  Hi - (H  3 1 - IK) IM3 1 - |M)  _ (HI _ (HI _ _ i _ _ 

18.626  10.601)  76655.19  111.307  6003.00  102.372  104.232  19.070  19.070 

-  10.647 .  — 11.655 .  79030.01  —  110,277  ..  791 1 .90  .....  1 56 .390  ...  1 36 .426  _  ...  14.560  -  14.560  . . . j _ 

10.667  12.309  01463.44  109.102  9051.60  14C.067  .139.936  17.995  17.995 

-  10.600  ...  13.164  . .  03926.01...  100. 101-..-  1  1022.30  ....  120  .701  ..  120*530....  21.429  .  .  21.429 . .  . 

10.709  14,019  06425.00  107*036  13020.05  120.466  120.004  24.530  74.530 

- 10.729 - 14.074 - 00934.69 - 105.979 - 13020.60 _ 114.009 _ 113.935 _ 20.650 _ 20.650 _ — • _  ... 

10.731  15.720  91429.12  104.929  17024.13  100.000  108.906  32.203  32.203 

-  10.627  - 16.503  - ,...93660*62  —  103.040 .  19609.33  —  104.209  ..  104.116  _  34.204,’ . 34.204  _ _ _  „  . 

10.404  17.420  95762.06  102.749  .  21306.30  100.32R  100.467  37.169  37.109 

- 10.292 - 10.292  . .  97474.30  . 101. 776.'...  22660.45  ....97.125  ....  97.075  _  30.066  ..—  30.066  . . . . ; _ 

10.292  10.292  97474.50  101.726  22660.45  97.121  97.073  30.066  30.866 

- 17.430 - 10.460 - .95007.31 - 101.041 _ 21390.70 _ 94  .212 _ 94  .206_i_37.076 _  37.0  76 _ ■  .  , 

16.503  10.564  93799.25  100.240  19720.25  90.615  91.004  34.004  34.004 

- 15.720 -  10.624 - ^  1569.3 1 .....  99.404  - 17936.30  _  86.537 ......  06.419 _ .32.4  39  -.  32.439 . .  .  * _ I _ . 

14.874  10.649  09232.37  90*735  .  16066. T5  01.702  '  01.746  29.237  29.237 

- 14.019 - 18.646  - 86016.00—  97.907  -..  14133*65  ....  75.702  _...76.20fl  . . 23.130  _ -.23.130  ....  ^ . .  . 

13.164  .  10.630  04362.06  97.224  12170.50  ‘  67.076  67.000  23.000  2S.6o6 

- 12.309 - 10.612 - 01905.00 _ 96.424 _ LD204.05 _ 5T..004 _ 37..313_ _ 14.120—19.123 _ _ _ _ 

11.455  10.595  79444.12  95.376  0236.15  41.133  40.604  17.723  17.t23 

- 10.600 - 10.570 - 76907.25 - 94.671, -  6270.65 . 15.100. . 4.012 _ 44.365 . —44.563  ._  . . . 


*tm 


DATA  Of  ftOODARLE  LENGTH  CURVES  ••• 

. ..  f LOOOAELE  LENGTH  ...  ...  FERNISSI fLE  LENGTH  ... 


DIS.  AF 

LfNf.TH 

«.7. 

01$.  *2 

LENGTH 

K.E. 

Ml 

INI 

191 

.  IMI 

T  T  ......  . 

1 97.000 
t  T3.;;a 

0.0 

14. *73- 

1 

147. OTO 
.173,  .*30  . 

0.0  ' 
14.373  * 

1  +  ".-T..T6H  UH6*  fc.FLM  DAbLG 

17J.IM 

14.36* 

0 

173.16) 

14.366 

0 

172.616 

14.329 

0  .. 

172.666 

14.?2»  . 

0  .  •  . 

172. it? 

14.777 

0 

172.602 

.14.277 

0 

1 71 .45* 

14.190 

.  0  . 

171.454 

•  14.140 

0  .  . 

170.  M* 

14.140 

0 

170.604 

14.140 

0 

_ IA9..96T 

I4.(i*6_ 

0 

.169.967 

14,066 

0 

1  <9  .n  '9 

14,000 

0 

169.034 

14.000 

0 

}< ).*7v 

.  13.966 

_  3  .  .. 

166. 4T0 

13.966 

0  .  .  .  ...... 

,  .  t.  r  _ _ _ _ _  _ r  ^  T_ 

1  AT. 5 *6 

13.410 

0 

167. 5. *2 

13.916 

0 

1  65.«h1 

1 3.1*4 

0 

166.9*8 

13.694 

0  ..  .. 

166.397 

1  3.  675 

0 

166.397 

M.6T5 

0 

J64.CT5 

_ 12.667 

.166.053 

13.667 

0 

1*5. mo 

1*.»M 

ft  . 

165.090 

13.632 

0 

If  4. M3 

I3.P44 

3 

164.51) 

I3.f 44 

0  . 

1*3. •>?* 

1*.M| 

0 

lf?.4?6 

13.751 

0 

1 63.592 

.  13.855 

.  0 

163.547 

.  13.635 

o  ..  .  .  . 

1  63.016 

1 3. *66 

0 

163.016 

13.665 

0 

.  |  rA  H 

_  13.PT3 

(1 

-162.674 

13.876 

A 

1 *2.1 ’2 

1 3.902 

ft 

162.132 

13.902 

0 

in. no 

1  ?.n  37 

0  .... 

mast . 

-  13.937  . 

•  .... 

16?  .517 

13.936 

0 

160.617 

13.996 

0 

160.0*0 

14.039 

-  0  _ _ 

160.060 

14.034  . 

-  0  .  . . 

1 '9.7 7J 

l*.i'66 

0 

159.737 

14.066 

0 

_ 1  59.1  PS. 

14.121. 

n 

.159.166 

14.121 

ft 

|  *• 

14.136 

0 

136.664 

14.136 

0 

l'R.37l 

1 4. 7 1 f 

...  0  - 

i*e.37i  . 

..  14.218  . 

0  . .  .  . 

1 37.9*2 

14.291 

0 

137.662 

14.241 

0  •  • 

1 57.5*6 

14.337 

.0  .  . 

157.566 

.  14.3*7  . 

0  . . 

1  *7.1 uT 

/  1*.4|6 

0 

157.107 

14.416 

0 

1 56.672 

14.«07_ 

0 

.156.672 

14.503 _ 

0 

1 56.47? 

14.360 

0 

156.476 

14,560 

0 

. 

I  *9.M6 

17.995 

.  0 

139.956 

17.943 

c 

1 *3.330 

21.4*7 

0 

126.5*0 

71.424 

0 

i;7.9V) 

21.596 

0  . 

127,8V) 

.  21.596 

0 . 

127.311 

21.703 

0 

177.516 

21.70) 

0 

116.9  54. 

_ 21.067 

A 

-126.954 

21.667 

0  * 

176. *«4 

21.975 

0 

126.594 

21.97) 

’  0 

126  »p!6 

22.14? 

.  0 

176.056 

.  .  22.143 

•,C  ..  .  .  . 

« 

1 23 .3*0 

22.314 

0 

125.530 

22.114 

0 

. 

124.736 

22.561 

0 

124.738 

-  22.361 

0 

124. 410 

27.6*5 

0 

174.410 

22.696 

0 

123.922 

_ 22.073_ 

A 

123.922  - 

22.673. 

ft  . . 

123.446 

2*. -33 

0 

173.446 

23.033 

0 

122.7*5 

2  3.332 

0  . 

122.733 

23.332 

0 

1  22.2*3 

23.317 

0 

172.26) 

23.517 

0  ,  . 

*  *  , 

121.616 

23.602 

0 

121.616 

2). 602  ; 

0  .  f 

• 

1,70.9*9 

24.0*0 

0 

120.469 

24.090 

0 

• 

120.004 

_  24.538.. 

A 

120.004 

..24.538 

ft  ' 

1*4.346 

24.907 

0 

119.346 

24.90T 

0 

116.104 

29.246 

0 

116.604 

23.746 

• 

•Hi 

W 

J$n 

2|! 

Vf 


deadweight  scale 


-*u — iuBm-OAJi-Ena  .Tii«NiNa...TE&i _ t±.t_ 


DATE  FEBRUARY  4  1977 

PLACE  KURf-l  SHIPYARD 


O 

o 


MEASURED  SPACE  OF  SPEED  40,0 

DISTANCE  FROM  C.L.  10  MEAN  MEASURED  BOARD  4T.3 


co 

oo 


COND*  FULL 

O 

weathfr  BC 

Sea  cdnd.  9 

/ 

O 

SFA  0CP7H 

1500.00 

o 

A.  WIND  DIRECTION 

25. OO' 

A.  WINO  VFLrCIIV 

11.00 

o 

ENG  IN'1  POWER 

H  *C  • 

o 

INITIAL  SPEFD 

16*20 

INITIAL  COURSE 

270.00 

o 

INITIAL  RPM 

83.00 

o 

DESIGNED  RUDDER  ANGLE  35.00 

ILAPSrO  TINE  FRON 

THE  ORDER  TO  DESIGNED  RUDDER 

ANGLE  O 

25.20 

o 

HFASURED  RUODEA  ANGLE  35.00 

Of STANCE  FROM  PIVOTING  POINT  TO  SHIPS 

GRAVITY 

o 

100.00 

0 

length  bftwfen  perpendiculars' 

0 

UNIT  FOR  OUT  PUT 

0  -  - 

-• METRIC 

0 

INDICATION  OF  DRAWING 
-DRAWING  SCALE - 


DRAW 

■AMUE  -- 


INDICATION  OF  TURNING  0 

'INDICATION  OF  RIGHT  OR  LEFT  l  S 

-NON-CANADIAN  DATA _ I _ 


BOTH 
'  FbRT 
-CONSIDER 


D 

0 

«D 


(MINUTE  1 

f SECOND  1 

(ELAPSED  TIME) 

1 

0 

16.00 

4.90 

2 

0 

20.  CO 

5.00 

-  3 

_ T_o 

.30.00  _ 

_ 5,^0  _ 

4 

0 

40.00  , 

5.50 

5 

0 

50.03 

5.70 

6 

1 

6.00 

1 

1 

26.00 

6.50 

a 

1 

46.00 

7.30 

-  9 

_ .  iri  2 , 

.......  O.o _ 

B.  10  - 

10 

2 

36.00 

0^30 

it 

3 

0.0 

10.70 

12 

3 

3r.:.:i 

12.  H 

I) 

4 

0.0 

13.50 

14 

4 

30.00 

14.70 

-15 

_  t  J  ^ 

_ 0.0 

15.70 

16 

5 

30.  OQ 

16.60 

IT 

6 

0.0 

17.40 

18 

6 

30  .00 

IP.  10 

19 

7 

0.6 

IP. CO 

20 

7 

30.00 

19.20 

•  21 

_ ri  ^  _ 

0 1  0 

1  70 

22 

8 

30.00 

20.00 

23 

9 

0.0 

20.30 

2A 

9 

30.30 

20.60 

25 

10 

6.6 

20.90 

26 

.  10 

30.00 

21.20 

27- 

11. 

_  0.0 

?1  r 

28 

11 

30.00 

21.60 

29 

12 

0.0 

21.00 

30 

12 

3C.03 

22. CP 

31 

13 

0.0 

22.20 

32 

13 

30.00 

22.30 

at 

© 

a- 


HFASl'ftro 

_ COM. 

_ ANGULAR 

fH|M$ 

fjf  |»  •  |  . 

• 

ND 

tihf 

SPEEO 

SPEED 

VELOCITY 

POSITION 

POSITION 

ANCLE 

1  SEC  1 

IH/StCI 

IH/SEC1 

( ADVANCE  1 

1 TA ANSFFft | 

(OEOI 

1 

U,  0 

ft. 160 

0.16.* 

0.0 

0.0 

0.0 

0.00 

2 

5.3 

ft.tns 

ft. 726 

0.060923 

40.9 

0.4 

0.16 

3 

10.0 

ft. 163 

11.73®, 

0. 03702ft 

•2  .2 

1.0 

0.65 

- — 4 

— • 15.3 

_ 8, in  .. 

ft  t  71ft  >n  , 

0.  00?flT) 

11 J  *5  - 

f  -  1 

■  if 

3 

20.0 

ft. CIO 

0.174 

0.6*3669 

144.4 

1.0 

2.72 

6 

75.0 

7.B21 

ft.  021 

0.004221 

709.1 

1.6 

3.9) 

T 

30.0 

7.347 

7.766 

0.004637 

244.7 

0.0 

1.76 

ft 

33.0 

7.406 

7.62ft 

0. 004706 

soj.i 

-0.9 

6.60 

9 

40.0 

7.273 

7.914 

0.033091 

.  321.0 

-3.2 

O.Ut 

— 

- . 43.  3 

_ t.147  .  . 

7.424  ... 

_  00  58  62 

..  Hi  ,4  . 

f  74 

11 

30.0 

7.0IB 

7.373 

0. 0075 12 

395^4 

-9.3 

11.09 

12 

35,0 

'  6.043 

7.366 

0.011424 

432.6 

-12.3 

15.17 

13 

60.0 

6.667 

7.372 

0,0149(9 

470.1 

-14.1 

14.44 

14 

65.0 

6.320 

7.761 

0.013680 

906.9 

-22.3 

13.9) 

13 

70.0 

6.4C4 

7.260 

0.010265 

543.5 

-30.4 

<9.16 

—  16 

- 73. 3 

6.275  ■ 

-6.924 

0.01332) 

57?  *4 

...  -.4 

IT 

ftO.O 

6.154 

6.775 

0.013140 

609.2 

-57.2 

34.60 

1ft 

85.0 

3  .ftf.ft 

6.613 

0.013398 

639.4 

-73.0 

40.53 

19 

90.0 

5.021 

6.430 

0.012076 

647.9 

-®0.7 

44.22 

20 

95.0 

9.648 

6.250 

0.012744 

494.4 

-100.4 

■  47.67 

71 

100.0 

5.41® 

6.076 

0.012612 

719.2 

-120.0 

91.40 

- ♦  2 

-  105.0 

_ S.JJJ  - 

--3.923  _ 

0. 01 24B0 

—  742.1 1 _ 

•  188,.  t 

23 

110.0 

5.194 

9.77ft 

0.012)40 

763.3 

“169.4 

50.60 

24 

113.0 

5.063 

3.64C 

9.012216 

762.7 

-191.2 

62.10 

75 

120.3 

4.93ft 

3.310 

0.01208V 

600.4 

-713.5 

63.56 

76 

125.0 

4.023 

9.30® 

0.01 !®37 

B16.5 

-736.3 

60.90 

27 

130.  0 

4.712 

9.771 

0.011020 

•  30.9 

-23V. 9 

72.37 

2ft 

- 135.0 

_  4.604 

_  9.197 _ 

0.01 1600 

.643.7 

•2*1,0 

K.  ¥  ¥ 

29 

143.0 

4. 3  CO 

9.046 

0.011596 

654.9 

-306.6 

79.  OJ 

30 

145.0 

4.399 

4.939 

0.011424 

864.6 

-330.3 

02.30 

31 

130.0 

4.331 

4.633 

0.011292 

A72.6 

-354.0  * 

05.33 

32 

155.0 

4.199 

4.727 

0. 01 1160 

•  79.3 

-317.6 

M.T) 

33 

160.0 

4.101 

4.63® 

0.011382 

•09.1 

-401.0 

91.99 

—  34 

. —  165.0 

-  4.003  - 

- 4.533  . 

.  0.011192 

•  09.2 

-  -424.) 

t /o  . 

35 

IT*  .  i 

3.913 

4.415 

0. 010604 

891  .9 

-447.1 

96.24 

36 

173.0 

3.024 

4.309 

0.010256 

093.2 

-469.5 

101.17 

?T 

IftO.O 

3.738 

4,21? 

0.0109  33 

093.5  . 

-491.4 

104.05 

3ft 

135.0 

3.637 

4,121 

0.009795 

•  92.7 

.-512. 7 

10b. 65 

39 

190.0 

3.301 

4.035 

0.009592 

•®o.o 

-533.6 

104.60 

* 

—  60  . 

- 193.0. 

_  3.509 

3.959 

. 0. 009316 

. .  088 , 1  . 

11  V  _  1  1 

41 

200.0 

3.439 

3.  f  ft4 

0. 309404 

614,6 

-573.0 

115.02 

42 

233.0 

3.371 

3.811 

0.009292 

860.2 

-593.1 

117.66 

. 

43 

210.0 

3.306 

3.741 

0.00«7  0b 

075.1 

-611.0 

129.32 

44 

213.0 

3.242 

3.6PI 

.  0.009289 

•69.) 

-6)0.1 

122.96 

45 

iiO.0 

3.100 

3.619 

0.009107 

062.1 

-647.7 

125.61 

— 46 

225.0 

3.1 22  - 

„  3,352 

....0,  OOfOBb 

_  053.7  . 

47 

230.0  . 

3.1)66 

3.492 

0. CO 6996 

647.9 

-661.8 

130.60  .  • 

4B 

235.0 

3*013 

:  3.432, 

0.000(135 

•39.6 

-697.0 

1)3.3) 

* 

4* 

240.0 

2.9(3 

1  3.373 t 

0.001713 

•  1  030.1 

-717. 2 

1)9.6)  , 

* 

50 

745.0 

2.9S7 

3.322 

0.008970 

•  021.9 

-726.0 

1)0.20 

•31 

250.0 

2.074 

1.272 

0.008430 

•  11.7 

-740.7 

140.70  * 

—52  . 

- 233.0  . 

_ 2.032 

.3.223 

0.000259  - 

•  Ot.4 

.  10.86 

53 

760.0 

2.793 

3.174 

0. 068043 

790.1 

-766.6 

145.37 

54 

263.0 

2.736 

3.123 

0.007612 

779  .9 

-776.5 

147.61 

55 

770.0 

2.721 

3.066 

0.007723' 

740.6 

-789.9 

144.62 

Mf 

m 


UD 

to 


TAcricAi.  oivciot  B93  M  t  2.m»> 


initial  coursc  ;  iro.t  oca 
initial  into  ;  ii^oHrs 


/  PATk 

;  AUnUAnV  4  If/? 

/  H»CI 

:  Kktc-i  mnrwi 

/  «>nc« 

:  ac 

/  CCA  CCK> 

;  i 

/  VA  OCTTH 

;  iws4M 

30* 

fao-  js****^ 

*s200*  27& 

INITIAL  COMM  l  tt 0.0  OCO 

- - - 

INITIAL  VT-ED  ;  m;  Kit 

(UNIT  METER) 


*9  oca  im  oca 

TIME  ;  V-WA* 

OlfTANCC  ;  1*4*  H  l*4fi 


LOADING  CONDITION 


ENGINE  OUT  PUT 


ACTUAL  RUDDER  ANGL 


(UNIT  METER) 


h  oca  im  oca 

KLftTJtD  TINT  :  r~t TJ*  V  KM  * 

OIVNCX  :  I  CM  N  ITtCH 


—■■■■aaMMBHHBiiHgaai 

8mi  t  i  ~~  l  ilt  — — —d 
mimBacacgBSCTengs 


ruf7i!r(inre?‘F 


C00I) 


*1* _ INPUT  DATA  FOR.  CRASH  S TOP _ ASTERN  AMO  AHEAD  .TE ST  *** 


- -  CRASH  STOP  ASTERN  TEST  - 

— — - 

DAT fc  FEBRUARY  20, 

,  19T7 

1 

PLACE  KURE-I  SHIP 

YARD 

COND.  FULL  LOADED 

COND1 11  ON 

. 

WEATHER  6 

SEA  COND.  4 

SEA  DEPTH 

7000  .00 

R.  WIND  DIRECTION 

1  20  .00 

R.  WIND  VELOCITY 

7.00 

INITIAL  SPEEO 

16.2  0 

• 

INITIAL  COURSE 

250.00 

INITIAL  RPM 

04.00 

SETTLED  SPEED 

-4.50 

SfTTLtO  *PM 

— - ......  _  .  . .  -  — 

25.00 

' 

UNIT  FOR  OUT  PUT 

0 

METRIC 

INDICATION  OF  DRAWING 

1 

DRAW 

ORAWING  SCALE 

4 

A4  SIZE 

* 

INDICATION  OF  TEST 

<1 

CRASH  STOP  AS  TEW  TEST 

NON  CANADIAN  DATA 

1 

CONSIDER 

_ DATA  NAME  FOR  ENGINE  PART _ IH1N.JL 

(SECONDI  . 

_ AHEAO.VALVE  SHUT 

.0 

5.00  •  ‘ 

ASTERN  VALVE  OPEN  P  — ’  »«00  ,  *  r  * 

*  SHAFT  STOP  AND  START  0  —  14.00  •  .  ‘ 

ASTERN  RPH  SETTLED  4  —  20.00 

cm 


\ 


Bp 

n 


% 


o 


HEASUREO  SPACE  OF  SPEED  40.0 

51  STANCE  FROM  cTt.’  TO~HEAM  HEASUREoT OARD  2f7o~ 


(102) 


o*tr  20.  mi? 

mu  .  ku*i-i  sum  vaao 

IPAD  WHO  full  trADIO  CONDIIIOH 

_5<l  UHLI _ D _ 

5*  A  CllND  4 

SC*  MATH  ,-OlO.O  h 

tNIIIAt  CnjASI  i SO, 0  DEG 

*.  Ml  AO  it,.--  PIG  7.  .■  M/SIC 


INITIAL  smo 
*  AM 


14.7  ATS 
,  I  A.  0 


«MHN  srtliro  SPfED  -4.5  ATS 
A AH  75.0 

ship* -Tsi f r  “ 


»_CAltllL*1IOM  Of  C  A  A  3M  .J10FASTI  AN  .Tf.ST 


JiC  »  auHH _ 

SI  i  i  o 
.1  h/%.ci 
*.<•() 
a.a.v  . 

_ t.<60 _ 

I..I6 


_Cn*A. _ 

sriri* 

l 

r-.4*i 

H.4|4 

6. 140 

_ 6.  .59 _ 

*  .  .7* 


*MmUI*h_ 
VI l DC  II Y 

C.C 

0.0005.4 
0.l0u24G 
rO,oogo4| 
••  -i.T 


_ ll'ir*s _ 

*0311  ION 
.  ..  lAOVAWCl  | 
0.0 

.  42.J  ... 

•  4.1 

_ UJ-6 _ 

144.4 


_ *.97  • _ A.GTfc _ -3.101654 _ 217.  J. 


I.Vtl 

.  7.«i0  .  . 
7.74  3 

_ T.M'I _ 

7.5<* 

7.4J? 

7. .73 
_  T.u«7 
4.871 

_4.5.M _ 

4.1  s) 

..  5.447 _ 


7.554  — v ♦ V 1 44  ?  8 

.  7.404  -0.009410 

7.694  -3.001571 

_!»  Ml _ =0  s/\P>>51_ 

7.4.6  .6j.| 

...•7.02V _ -3.014928 

7.116  -w.lObul 4 


T.uM 

4.007 


-o.oo;*v4 

-o.coijes 


JiOAJ _ =&./'j>iQl4_ 

6. IV J  — 0. . 0.6V  4 


744.1 
—  i*4.5 

913.0 

_ 960.8 _ 

3V7.8 

_ 431.1  _ 

447.2 
_ 50 1.  1  . 

5J4.I 

_ }6?.8 _ 

59  4.6 
624.5 


5.714 

5.444 

— 0. . 02  54  J 

451.7 

A  ,5.‘| 

.5. *51 _ 

-U.V074JO 

_ 477.1 

5. Ml' 

5.  .45 

-0.037258 

702.7 

1.1 '2 

j-.cjo 

_ 124.4, 

5.-17 

■..42. 

-9..01540 

T*»9.  4 

115.1 

4.8  58 

*.  756.. 

,,-3.19)7*8 

.771.7  . 

120.0 

*•704 

4.5V0 

vO  )9B  4 

7v?.8 

12J.ii 

4.558  _ 

_  4.441 

_ -U.V04338  _ 

•  19.0 

DO.o 

4.411 

4.291 

-0.C0444 1 

•  32.3 

_  125.0 _ 

-5.271 _ i_ 

_ 4.155 _ 

-O.f-0455  8 

-  050.7 

*40.  9 

4.159 

4.629 

0| 

064.4 

•  MS. 9„... 

J.V04 _ 

...3.  *•.!__ 

,.=3..S,04I80..„1. 

.  **5.2.  ., 

*03  III  OH 
.  |  THANbF  t  A  I 
0.0 

-o.i  . 

-0.1 

_ ro.l _ 

-0.4 

_  -0.3 _ 

-2.1 

.  -  _  _ 

-10.2 

_ r»5.i _ 

*<  l.i 

_ -24.0  .... 

-38.0 
...  -4  8.0 
-58.1 

_ -h». 4 _ 

-71.4  I 

..  -08.1 

-47.9 

_ r>0  7.4  __ 

-HT. i 

-1 1  T. I _ 

-117.0 

.  -147.3 _ 

-157.0 

-147.1  .  . 

-ITT.4 

_ =1  ■  T-2 _ 

-198. 0  * 

..  -208.0 


(103) 


- - &33SAP.  SHIP'S  SPEED  IK  KNOTS 


SPEED.  RUNNING  DISTANCE  AND  TIME 


ASTERN  VALVE  OPEN _ 

7.0  * 

SHAFT  STOP  AND  START 

U.O  * 

iLJ.-mQ : 


DATE 
PLADE 
LOAD  OONQ 
WEATHER 
SEA  COND 
SEA  DEPTH 


FEBRUARY  20.  1977 
KURE  -1  SHIP  YARD 
FULL  LOADED  CONDITION 
0 
i 

2000.0  H 


o 

*>- 


INIT.  COURSE  250.0  DEG 
WIND  120.0  DEG 


7.0  H/SEC 


__2000 

t 

in 

_ 1500  jJ 

* 

« 

r- 

z 

r\ 

1 

►-I 

la 

\ 

_jooo 

H 

L 

j 

H 

11 

n 

s 

3 -leg  m 

-500  | 

LI 

L 

0 

r 

E 

D 

QC 

a  — — — 

1 _ L SI _ 

RESULT  OF  CRASH  STOP  ASTERN  TEST 


I 


mjuit  of  stopping  inertia  rrsr— ■ 


DATE  FfOftUAAY  IT  1977 

•  LACE  OFF  OSH1HA 

LQ*0  COND  BALI  AST  CONDITION 

.UtAtUU - C - 

1  f  A  COND  S 

SEA  Of PT><  1700.0  H 

INITIAL  CODAS E  120.0  DEC 

A.  Ml  NO  >7.9  DEC  12.0  H/SFC 


/ 


INITIAL  SPEED 

A  PM 

SHIP'S  SPEED 
ELAPSFO  TlhE 

16.6  ATS 

90.6 

6.0  ATS  . 
|0»-  2.3- 

NO 

TIME 

Iff'") 

CALCULATION 

MEASUAEO 

SPEED 

t  II21IU _ 

OF  STOPPING  INFATIA  TEST 

COAA.  ANCULAA  SHIP'S 

SPEED  VELOCITY  POSITION 

t  .MiUr  i _ _ _ ...  tinuiNr.fi 

i 

SHIP'S 

POSITION 

flklMtff  ■  1  .  _  _ 

1 

0.0 

B.30A 

S.  30  A 

0.0 

0.0 

0.0 

2 

5.0 

6.26) 

•  .ISA 

-0.00A05  2 

At.) 

l.l 

3 

|0.0 

B. 163 

a. 079 

-0.003129 

01.9 

t.A 

A 

15.0 

0.070 

f  .  01 A 

-0.002207 

122.2 

1.2 

5 

<  «*•’<# 

P  «0  ui> 

•  ♦▼45 

-v*Gui«o  4 

irM  i 

£••6 

4 

-0. 000926 

701 , *  - 

...  -ftt|  .  ..  . .  .  . .  _  _  - 

7 

30.0 

7.6AJ 

7.619 

-o.oooaoi 

26lio 

-iii 

0 

35.0 

7.689 

1.666 

-0.00005  t 

279.7 

-2.3 

9 

AO.  0 

7. SAT 

1.5)5 

-0.000823 

HI. 7 

-3.5 

TO 

A  5.0 

7.A77 

7. AM 

-0.00006 6 

355.  1 

-A. 9 

11 

30.0 

7.A0T 

7.  30  A 

-3.000003 

392.2 

-6.A 

1 2 

5  4*0 

7tiio 

.  1.11a 

-c.oooia o 

470.9 

-#-«  _  _  -  -  -  _  -  _ 

13 

60.0 

7.27) 

7.250 

-0.000059 

465.3 

-9.9 

14 

65. 0 

7.215 

7.  196 

-0.00076  A 

501.3 

-1  1.9 

15 

70-0 

7.163 

7.  163 

-0.000721 

537.1 

-1A.0 

lA 

la  A 

•»  •  It 

1  AAA 

—  A  MoaI  6 

All  A 

iif 

60. 0 

7.0  76 

7.061 

-0.000635 

600.0 

-10.5 

_ B5.0 

7.  070 

-^n-QO  0544. 

441.  f 

-20t9  ’ 

is 

90.0 

7.016 

7.016 

-0.0001  A  9 

mil 

-23i3 

20 

95.0 

6.966 

6.966 

0.0 

713.0 

-25.T 

21 

100.0 

6.920 

6.920 

3.0 

7AT.6 

-26.1 

22 

105.3 

6.6  70 

6.076 

0.0 

702.0 

-30.5 

33 

110.0 

6.6A1 

6.061 

0.0 

•  16.2 

-32.9 

1 1  4,  ft 

4,40 4 

4, #04 

^  f  ft  _ 

450,  5 

.  -  -----  -  . -  - . . 

25 

120.0 

6.760 

A. 700 

bib 

iiiii 

-37.7 

26 

125.0 

6.761 

6.161 

0.0 

917.9 

.  -A0.0 

27 

11n.fi 

A.TA2 

A.1A2 

0.0 

961.  A 

-A  2. A 

20 

1)5.0 

6.723 

6.12  3 

0.0 

IPS.  2 

-AA.1 

29 

1  AO.  0 

6.707 

6.101 

0.0 

ioia.7 

-61.1 

|44,  Q 

4V4D# 

.  M17 

0  ■  ft 

1 052*1  - 

_  -49^ _ 

31 

150.0 

6.6  67 

6.667 

bib 

1005. A 

-siia 

32 

153.0 

6.631 

6.631 

0.0 

iua.6 

-54.1 

33 

160.0  . 

6.605 

6.605 

0.0 

1151.6 

-56.4 

16 

165.0 

6.566 

6.566 

0.0 

1 1IA.5 

-56.7 

if 

SF 

id- 

* 


i 


C  901  ) 


SHIP'S  SPEED  IN  KNOTS 


_iOOO 


SPEED.  ADVANCE  AND  TIME 

DATE  FEGRUARY  17  1771 

PLACE  OFF  OSHIHA 


'time  IN  minutes 


o 

-si 


(108) 


COURSE  OF  STOPPING  INERTIA  TEST 


INITIAL  COURSE 
120.0 


INPUT  DATA  FOR  ZIG-ZAG  TEST  99* 


***  RUDDER  ANGLE  OATA  ♦♦♦ 


DATE 

NARCH  9 »  1977 

(HINUTEt 

(SECDNOI 

(REDDER  ANGLE  1 

PLACE 

KURE  -  1  OFFICE 

l 

0 

0.0 

0.0 

0 

9.80 

19.00 

CQNO. 

BALLAST  CONDITION 

3 

0 

23.00 

19,00 

4 

0 

32.80 

-15.00 

WEATHER 

B 

5 

0 

84.00 

-19.00 

. 

6 

0 

93.40 

15.00 

SEA  COND. 

3 

7 

0 

141,80 

15,00 

0 

0 

192.40 

-15.00 

SEA  DEPTH 

1900,00 

9 

0 

ZOO *00 

-15.00 

R.  WIND  DIRECTION  -90,00 


R.  MIND  VELOCITY  20.00 
!H!T!«L  COURSE  220,00 
INITIAL  SPEED  14,00 
L  B  P  94.00 


INDICATION  OF  DATA 
INDICATION  OF  DRAWING 


inummi  9UMI.C 

AMGIE  yrinriTV  niu 


0  USING  INPUT  DATA  AS  IT  IS 

0  NOT  ORAM 

0  AO  SIZE- 


tS) 


AHGL2  > 

0.9833 

ANGL4  ■ 

-1,2833 

ANGLO  • 

1.42&7 

*99 

SPEED  DATA 

*99 

999  HEAO*  ANGLE 

OATA  999 

iniNU ?£} 

ucvunii  9 

{KNOT! 

*1 

\ 

•  » 

'  1 

9 

iniNuTEf 

( SECuriul 

(HEAD,  Aril 

1 

0 

0.0 

25.00 

1 

'#  • 

0.0 

0.0 

2 

2 

n,n  * 

9A.  X.K 

j 

r» 

In  pn 

3 

4 

0.0 

23.50 

5 

0 

100.00 

-28.00 

4 

& 

0,0 

23,00 

4 

0 

158.30 

31.60 

5 

7 

10.00 

22.89 

5 

•  o 

0.0 

n.n 

6 

22 

0.0 

18.00 

i 

6 

0.0 

0  4) 

C  60t  ) 


RESULT  OF  ZIG-ZAG  TEST 


DATE  MARCH  9,  1977 

PLACE  KUAE  -  1  OFFICE 

LOAD  C  0  N  D  BALLAST  CONDITION 

WEATHER  B 

SEA  COND  1 

SEA  DEPTH  1  5  0  0,0  M 
INITIAL  COURSE  2*0.0  DEG 

INITIAL  SPEED  H.O  KTS 

A.  WIND  -90.0  DEG  20.0  M  /  SEC 

LENGTH  BETWEEN  PERPENDICULARS  9  4,0  0  M 
MANEUVERABILITY 


K  4  (  1/  SEC) 

6.14402 

K  6  8  (1/SEC) 

0,1  0  0  8  6 

KH  11/SfCl 

0.12244 

T4  ( SEC  1 

31,933 

T68  (SEC) 

17.942 

TM  (SEC) 

DELTA  A  (  D Eg  ) 
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CADS  in  Pi  pi  ng  Des  i  gn  System 


In  piping  design  system,  CADS  is  used  for  development  of  pro¬ 
duction  engineering  drawing  for  the  purposes  of: 

(1)  Modification  of  piping  layout  made  by  module  and 
automated  piping  design  system. 

(2)  Input  of  piping  layout  prepared  by  manually  drafted 
sketch. 

(3)  Design  of  new  module,  and 

(4)  Modification  of  the  module. 

The  data  developed  by  CADS  are  transferred  as  a  input  data  of 
pipe  piece  calculation  program  and  material  control  program. 


2.  Functions  and  Features  of  CADS  Piping 
De  sign  System 

2.  1  Funct i ons  of  t  he  Syst  em 

(1)  To  use  background  drawings  of  hull  structures  and 
obstacles  for  piping,  which  are  supplemented  by  trans¬ 
parent  sheets,  photographic  techniques  and  additional 
hand- wr i t i  ng. 

Among  the  background  drawings,  main  hull  structures 
(such  as  fra  me s,  longitudinals,  decks)  are  registered  and 
drawn  by  the  system. 

(2)  To  obtain  tripartite  drawings  of  pipe  planning  with  plan, 
side  and  section  vi  ews. 

(3)  To  define  pipe  lines  by  indicating  the  start  and  end  points 
and  bent  poi  nt s . 

Computer  takes  the  following  role  by  rough  manually 
i  ndi  cated  data. 

Running  a  pipe  line  in  parallel  with  an  axis.. 

Rounding  pipe  length 
Setting  bent  piece  standardized. 

(4)  To  check  intersection  among  pipes  and  others  (tanks,  hull 
constructions,  etc.),  by  means  of  optional  sections. 

(5)  To  calculate  the  clearance  between  the  designated  pair 
of  pipes. 


(6) 


To  set  pi  pe  fittings  on  pi  pe  line. 


Computer  adjust  the  rough  input  data  with  Pen  Analyzer 
to  set  it  on  pipe  line  and  to  round  pipe  piece  length. 

(7)  To  check  the  pipe  piece  dimension  based  on  the 
fabrication  standard. 

(8)  To  design  the  shape  of  pipe  support. 

(9)  To  set  the  same  shaped  pipe  lines  and  pipe 
supports  corresponding  to  indicated  portion  that 
is  desi gned  al  ready. . 

(JO J  To  decide  and  draw  leaders  and  characters  such 
as  pipe  piece  code,  code  of  pipe  supports,  title 
of  dr awi  ngs . 

(11)  To  provide  data  for  pipe  piece  fabrication  system 
and  material  control  system. 


2.2  Features  of  the  Syst  em 

1)  Large  Panel  : 

Optional  sections  of  tripartite  with  optional  scale  are 
easily  drawn  out  on  large  panel  so  as  to  check  them 
in  one-  gl  ance. 

2)  Easy  Oper  at  i  on: 

The  designer  does  not  required  special  knowledge 
of  computer.  The  designer  can  operate  the  system 
t  hrough  a  few  day1  s  t  rai  ni  ng. 

3)  Mi  ni  mi  zed  Input  Data: 

( j )  Simpel  input  operation  of  co mma n d  and 

symbol  with  key-sheet  and  of  X,  Y,  Z 
value  with  defined  coordinate,  either 
indication  is  performed  with  Pen- Anal yzer . 

(ii)  Command  and  symbol  operation  is  mini¬ 
mized  with  "Default"  and  "Modal"  function. 

(iii)  The  computer  supplements  the  attributive 
data  to  input  data  of  a  few  key  words  by  means 
of  the  master  data  based  on  standardization. 

4)  Assured  Quality  of  Drawings  and  Data  to  relevant  System 

When  the  drawing  is  finished,  every  relevant  data, 
such  as  dimension,  fabrication  practice,  material 
and  installation  control,  are  defined  simultaneously. 

So  that  the  data  missing,  that  is  occured  frequently 
in  case  of  manual  input,  is  eliminated. 


Easy  Maintenance: 

Data,  which  have  possibility  of  changing  in  accord¬ 
ance  with  ability  or  restriction  of  facility  and  con¬ 
dition  of  purchasing  such  as  fabrication  practice 
and  dimensional  table  of  outfittings,  are  registered 
in  ma s t e r  file. 

Therefore,  it  is  not  necessary  to  change  programs 
to  cope  with  alternation  of  condition. 

Revision  of  the  master  file  is  rather  easy  than 
revision  of  program,  f  urt  her  mor  e,  conversational 
revision  measure  of  master  file  is  established. 
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Design  Procedure  with  CADS 


fig  i.JL  ■ 


OUTLINE  PROCESS  OF  PIPING  ENGINEERING  WITH  CADS 


3.  f  Step-1  Preparation 

Locate  Hull  Unit  &  Start  and  End  Point 


Fig.  3.3 


3:3  Step-3  Piece  Divide 

Insert  Parts  &  Piece  Devide 


Fig.  3.4 


Piece 


Check 


Table  3.1 

*  *  P 1  E  C  E  CHECK* 

** AS03210 

E  0  4  2  LESS  THAN  BASE 

LENG. 

L  E  NGT  H=  50  B AS  E  = 

305 

E  0  4  2  LESS  THAN  BASE 

LENG. 

L  E  NGT  H=  2  0  0  B  A  S  E  = 

*  P 1  E  C  E  CHECK* 

300 

**A£03210 

E  0  4  2  LESS  THAN  EASE 

LENG. 

L  E  NGT  H=  50  B  A  S  E  = 

305 

E  04  2  LESS  THAN  BASE 

LENG. 

L  E  NGT  H=  2  0  0  B  A  S  E  = 

*  P 1  E  C  E  CHECK* 

300 

**  L001151 

E  0  4  2  LESS  THAN  BASE 

LENG. 

L  E  NGT  H=  100  B AS  E  = 

*  P 1 E  C  E  CHECK* 

126 

**FRO 1012 

*  P 1  E  C  E  CHECK* 

Output  Drawing 

(Partial) 
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U'"l,ut  System  I  Reference 

and  Input 


CADS  Piping  Design  System 


5.2  Function  of  Co  mma  n  d  s 
5.2.1  Set  up  Commands  Start 

1)  To  set  initial  values  in  the  system. 

2)  To  set  initial  val  ues  in  data  f  i  I  es. 

3)  To  input  particulars  of  piping  arrangements  such  as 
Ship  No.,  Drawing  No.,  Zone,  etc. 

Coor  di  nat  e 

To  define  coordinates  and  their  boundaries  to  be  work  out 
on  AD  table. 

Tape  In 

To  read  data  from  the  magnet  tape  and  set  the  data  on  the 

file. 

Data  in  the  file  are  pipe  data  and  master  data. 

Tape  Out 

To  write  data  on  the  magnet  tape  for  data  transmission  to 
host  computer. 

Data  in  the  magnet  tape  are  pipe  data  and  master  data. 

5.2.2  Locate  Co  mma  n  d  s 
Locat  e  Unit 

1)  To  generate  unit  data  to  be  stowed  in  unit  standard  file. 

2)  To  locate  unit  data  derived  from  unit  standard  file. 

3)  To  alter  unit  data  in  deviated  points  from  standard 
a  r  r  a  n  g  e  me  n  t . 


Locate  From- To 

To  input  data  of  systems  and  to  locate  pipe  endpoints  in 
piping  arrange  me  nt. 

Input  data: 

(1)  System  names 

(2)  Pipe  end  points  by  coordinates  (X.  Y.  Z.  ) 

(3)  Di  a  me  t  e  r 

(4)  Pi  pe  piece  or  fitting  name 

(5)  Others 

Locat  e  Form 

To  locate  beding  points  on  the  line  of  the  pipe  end  points 
through  "Locate  From- To"  co  mma  n  d , 

Locate  Insert 

To  set  parts  on  the  pipe  line  determined  through  "Form 
Command" 

Locate  Diversion 

To  set  the  new  pipe  line  on  the  designated  position  by 
using  the  piping  data  defined  previously. 

Locat  e  Support 

1)  To  set  pipe  supports  on  the  pipe  line 

2)  To  determine  the  position  of  U-bolt  for  pipe  on  the 
pi  pe  support  s. 

Fabri  cate  Support 

To  design  pipe  support  combining  basic  pattern  of  support. 


Locate  Hull 

To  define  hull  structure  such  as  frame,  longitudinal  and 
deck  as  a  background  drawing. 

5.2.3  Draw  Commands 
Draw  Hull 

To  make  a  hull  structure  drawing  by  data  given  by  “Locate 
Hull”  for  checking. 

Draw  Unit 

1)  To  draw  unit  data  derived  from  unit  standard  file. 

2)  To  draw  only  the  end  points  of  the  pipe  line  by  data 
given  by  “Locate  From-To”  for  checking. 

Draw  Line 

To  draw  the  pipe  line  by  data  given  by  “Locate  Form”  for 
checking. 

To  draw  letters  and  leaders  belonging  to  the  pipe. 

Draw  Support 

To  draw  pipe  support  by  data  given  by  “Plural  Support”  for 
checking. 

To  draw  letters  and  leaders  belonging  to  the  pipe  support. 

Term/Measure 

To  draw  the  following  marks  on  the  designated  positions. 

-  Pipe  Number 

-  Pipe  Piece  Number 

-  Pipe  Fittings  Number 

-  Pipe  Support  Number 

-  Pipe  Size 


To  draw  letters  and  leaders  on  the  designated  position. 

To  draw  comments  on  the  designated  position. 

Draw  All 

To  make  a  final  piping  arrangement  drawing  by  input  data 
given  in  previous  stage. 

5.2.4  Check  Commands 
Piece  Check 

To  carry  out  piece  dividing  of  the  line  and  to  check  the 
length  between  two  points  in  the  unit  of  system. 

Items  to  be  checked  are  shown  as  follows. 

-  condition  of  piece  fabrication 

-  condition  of  Pipe  Piece  Program 

-  direct  welding 

-  length  of  short  pipe,  etc. 

Clearance 

To  check  the  clearance  between  designated  two  pipes. 

5.2.5  Modification  Commands 
Modify  Point 

(1)  To  modify  entities  of  fittings. 

(2)  To  modify  all  of  the  coordinates  or  diameters  of  the 
pipe. 

PPACFT 

(1)  To  edit  pipe  data  prepared  by  PPAC. 

(2)  To  separate  one  pipe  lines  into  plural  pipe  line 

General 

To  delete  and  modify  co-ordinates. 
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To  delete  hull  structure,  letters,  leaders  and  comments. 

Delete  Line 

to  delete  pipe  data  for  each  system  or  between  designated 
two  points  on  the  piping  route. 

Delete  Point 

To  delete  a  designated  point  of  the  pipe  piece. 

Delete  Support 

To  delete  pipe  support  data  in  the  unit  of  system  or  piece. 

5.2.6  Fabrication  and  Outfitting  Data 
IPPIN 

To  prepare  data  for  pipe  fabrication  such  as: 

-  Pipe  piece  Number 

-  MLF  No.  and/or  MLC  No. 

-  unit  sign 

-  Loose  sign,  etc. 
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1.0.  Examine  and  Study  the  SPADES  System 

The  SPADES  system  of  computer  —  aided  ship  design 
has  been  examined  and  studied  by  IHI  to  determine  if 
full  utilization  and  benefit  is  being  realized  from 
the  use  of  the  system  at  the  Levingston  Shipbuilding 
Company.  The  study  has  been  proceeded  from  November, 
1978  through  February,  1979  at  the  Engineering  Office 
and  the  NC  Department  of  Levingston.  This  report  in¬ 
volves  "Over  View",  "SPADES  Modules"  and  "The  Usage 
of  the  System  at  Levingston". 
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1.1.  Over  View 


1)  General 

The  SPADES  system  can  be  seen  enough  to  cover  al¬ 
most  over  all  from  the  design  engineering  to  NC  lofting 
and  preparation  for  production  in  its  function.  j^s 
capability  shall  be  evaluated  adequate  to  support  many 
users  which  build  various  shapes  and  sizes  of  ships. 

In  fact,  it  has  been  used  by  many  shipyards  in  the 
U.S.A. 

Moreover  SPADES  has  enough  space  and  more  appli¬ 
cable  field  to  be  developed  in  the  future.  Newly 
developed  programs,  DEMO  and  SPAC,  will  make  it  possible 
to  expand  the  users  operation. 

2)  The  Usage  of  the  SPADES  System  at  Levingston 

The  Levingston  Shipbuilding  Company  is  not  using 
all  modules  of  the  SPADES  system.  indispensable  modules 
for  minimum  NC  lofting  are  now  in  use.  From  the  view 
point  of  usage,  SPADES  system  shall  not  fully  display 
its  worth  at  Levingston.  The  main  reason  shall  be  in 
lack  of  a  large  drafting  machine.  FAIRING  and  ship's 
hull  calculation  must  be  trusted  to  the  Cali  and  As¬ 
sociates  and  others.  And  many  difficulties  and  unef¬ 
fective  matters  due  to  the  lack  of  drafter  can  be  found. 
If  the  drafting  machine  is  provided,  a  useful  module 
of  SPADES,  DEMO,  shall  be  easily  installed  to  this 
shipyard.  In  this  concern,  more  detailed  description 
shall  be  presented  in  1.3. 

3)  Some  Problems  Pointed  Out  by  IHI 

(3-1)  The  output  for  making  a  material  cutting 


list : 


1.1.  Over  View  (Continued) 

The  output  through  the  system  is  good  enough  for 
full  support  of  NC  burning  machine.  On  the  other  hand, 
the  output  for  hand  marking  and  hand  cutting  shall  be 
rather  poor.  A  material  cutting  list  for  flat  bars, 
angles,  slabs  and  face  plates  shall  be  obliged  to  be 
prepared  by  hand  through  the  results  of  parts  generation. 

(3-2)  Stiffeners  development  on  a  web  plate: 

Concerning  PARTS  GENERATION,  a  web  plate  and  the 
stiffeners  on  it,  such  as  brackets,  are  separately 
defined.  Most  of  stiffeners  on  aweb  have  close  re¬ 
lationship  with  it.  If  they  are  defined  at  a  time, 
the  output  through  PARTS  GENERATION  shall  be  auto¬ 
matically  provided  with  the  useful  data  such  as: 

Precisely  marked  starting  and  ending  point 
of  stiffeners  in  taking  account  of  stiffeners 
plate  thickness. 

Marking  the  shifting  direction  of  stiffeners 
plate  thickness. 

Drawing  of  stiffeners  identification  number 
on  aweb  plate  by  drafting  machine. 

In  this  concern,  more  detailed  study  shall  be 
continued  later. 

(3-3)  Installation  of  the  shipyard's  standard  data: 

Some  of  the  designing  standard  of  a  shipyard  can 
be  easily  installed  to  the  system  with  a  few  input. 

The  standard  of  cutout  is  a  good  example.  However  it 
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1 . 1  Over  View  (Continued) 

does  not  seem  to  be  easy,  at  this  moment,  to  install 
the  standard  data  in  the  field  of  production  such  as 
a  bevel  angle  for  welding,  excess  at  joints  and  de¬ 
tailed  end  shape  of  stiffeners. 

Taking  a  bevel  angle  for  welding  between  stiffeners 
and  a  web  plate,  as  an  example,  this  angle  shall  be  de¬ 
cided  by  the  intersection  angle  between  them.  it  shall 
be  troublesome  work  to  input  the  bevel  angle  by  re¬ 
ferring  the  manual  of  bevel  angles  as  the  key  data  of 
the  intersection  angle  or  referring  working  drawing. 

If  the  process  can  be  treated  by  the  system,  it  shall 
be  more  helpful  for  the  users. 

But  this  problem  shall  be  resolved  when  the  most 
of  shipyards  in  the  U.S.A.  establish-their  own  standard. 
The  urgent  theme  shall  be  to  set  up  the  scheme  of  the 
said  standard  in  Levingston. 

(3-4)  Problem  concerning  a  curved  shell  unit: 

The  output  for  plate  assembly  from  the  PIN/JIG 
module  might  be  inadequate.  Dimensions  for  checking 
the  shape  of  a  curved  shell  unit,  such  as  girth  length 
at  both  end  seam  and  end  butt  and  diagonal  length  of 
aunit,  are  necessary  as  well  as  positioning  data  for 
the  corner  points  of  the  unit  and  height  dimension, 
at  each  pin/ jig  position. 

However  this  problem  has  a  close  relationship 
with  the  fabrication  method  of  a  curved  shell  unit. 
Therefore  it  shall  be  prior  theme  to  establish  the 
fabrication  method  for  a  curved  shell  unit  from  gas 
cutting,  bending,  plate  assembly  and  fitting  frames 
and  fitting  web  frames. 

In  this  concern,  more  detailed  description  shall 
be  presented  in  1.2. 
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1.2.  SPADES  Modules 


The  following  modules  have  been  studied  by  IHI: 

FAIRING 

HULLCAL* 

HULLOAD 

PARTGEN 

NESTING 

PLATDV 

ROLL  SET  TEMPLATE* 

FRAME  BENDING 
PIN/JIG* 

DEMO* 

SPAC* 

Study  has  been  extended  to  the  modules  which  have 
not  been  installed  to  Levingston.  (*  Marked  Module) 
Because  it  seemed  to  be  necessary  to  evaluate  the 
SPADES  system  correctly. 

Any  comments  from  Levingston  shall  be  most  ap¬ 
preciated. 
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FAIRING 

The  Levingston  Shipyard  indirectly  uses  the  FAIRING 
Program,  because  a  large  drafting  machine  to  draw  the 
faired  frame  lines  is  not  provided.  The  Cali  &  As¬ 
sociates,  Inc.  calculates  for  Levingston  and  drawings 
as  output  and  data  to  be  stored  on  the  SPADES  Data 
Base  are  sent  back  to  Levingston. 

Lines  fairing  by  computer  has  been  one  of  the 
most  basic  matters  for  every  shipyard  in  the  world 
since  a  computer  was  first  applied  to  Naval  architec¬ 
ture.  Because  almost  all  of  primary  technology  necessary 
for  digitizing  are  involved  in  lines  fairing.  Smoothing, 
curve  fitting,  interpolation  'is  a  good  example.  Without 
these  technology,  NC  (Numerical  Control)  and  development 
of  pieces  of  ship's  hull,  such  as  a  curved  shell  plate, 
a  curved  frame  and  even  an  internal  structure  might  not 
have  been  performed.  Moreover  from  the  view  points  of 
manhour  saving,  keeping  high  accuracy  and  scarce  skilled 
loft  man,  lines  fairing  shall  be  a  most  essential  theme. 

It  seems  to  be  very  hard  to  have  a  perfect  fairing 
program  for  every  kind  of  ship's  hull.  The  ship's  hull 
form  is  usually  designed  to  fulfill  the  ship's  purpose 
and  ship's  performance,  so  that  the  shape  is  varied 
very  widely.  Initial  trim,  skeg,  bulb,  notch,  sonor 
dome  and  appendage  are  not  easy  to  handle.  Therefore, 
lines  fairing  program  should  be  provided  with  the 
function  of  how  to  combine  the  said  complex  parts  to 
the  ordinary  surface. 

The  FAIRING  Program  of  SPADES  system  has  been, 
observed  to  be  well-designed.  The  principles  of  analysis 
and  processing  are  very  clear  to  understand  for  de¬ 
signers  and  loft  men,  and  very  reasonable.  y0r  example, 
curve  fitting  method  of  the  program  is  very  similar  to 
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FAIRING  (Continued) 

the  one  of  fairing  by  hand.  The  other  outstanding 
function  is  to  recognize  the  characteristics  of 

curvature  and  point;  such  as  straight,  knuckle,  tan- 
gency,  a  large  radius  curve  and  a  small  radius  curve. 

The  Fairing  Program  has  been  serving  to  not 
only  Levingston  but  also  many  other  shipyards  in  the 
U.S.A.,  which  build  many  kinds  of  ships.  From  this 
fact,  the  program  is  to  have  adeguate  flexibility  to 
the  variation  of  ship's  hull  form. 
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HULLCAL 

The  Levingston  Shipbuilding  Company  does  not  use 

the  HULLCAL  program.  SHCP  (Ship  Hull  Characteristics 
Program)  developed  by  the  U.S.  Navy  is  now  in  use  at 

Levingston.  Therefore,  it  is  not  possible  to  report 
the  usage  of  the  HULLCAL  program  in  practice. 

However,  a  brief  comment  on  the  HULLCAL  program 
can  be  presented  through  the  reference  of  its  user's 

manual.  The  following  calculations  can  be  performed 
by  the  HULLCAL  program. 

Curves  of  Form  and  Hydrostatics 
.  Bonjean  Curves  of  Stability 
.  Floodable  Length  Curves 

.  Tank  Capacities  and  Sounding/Ullage  Tables 
Prim  calculations 
.  Damage  Stability 
.  Longitudinal  Strength 
.  End  Launching  Calculations 

Tables  of  the  results  are  printed  out.  Drawings 
by  the  N/C  drafting  machine  of  the  results  can  also 
be  generated  as  an  option. 

Levingston  has  a  problem  to  be  solved  in  launching 
calculation:  Side  launching  is  obliged  at  Levingston, 

however,  there  is  no  suitable  calculation  computer 
program. 

In  addition,  it  seems  to  be  useful  if  information 
and  data  necessary  for  ship's  operation  and  test  trials 
before  ship's  delivery,  such  as,  Turning  Test  and  Crash 
Stop  Astern/Ahead  Test,  are  performed. 
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HULLOAD 

The  HULLOAD  program  is  a  module  to  generate 
descriptions  of  hull  structures  and  related  design 
data  by  utilizing  the  hull  definition  and  frame  con¬ 
tours,  generated  and  stored  by  the  FAIRING  program  or 
obtained  as  data  in  other  forms. 

These  descriptions  are  permanently  stored  on  the 
SPADES  Data  Base,  which  can  be  retrieved  by  other 
SPADES  modules. 

The  following  structures  and  hull  geometry  can  be 
generated  and  stored  by  the  HULLOAD  program. 

Additional  Frames  and  Canted  Frames 
at  an  angle  to  the  centerplane 

.  Breasthooks 

.  Decks  of  any  shape,  defined  by  sheer  and 
camber  contours 

.  Deck  Longitudinal  and  Seams 

.  Shell  Longitudinals  and  Sight  Edges 

.  Longitudinal  Bulkheads 

,  Cut-Out  Reguirements 

.  Bulkhead  Stiffeners  and  Seams 

The  HULLOAD  program  is  provided  with  sufficient, 
capability  to  generate  hull  structures  and  hull  geometry 
necessary  for  succeeding  design  works.  The  high  avail¬ 
ability  of  the  program  can  be  supposed  from  the  feature 
of  generating  CANTED  FRAMES  and  BREASTHOOKS  which  re¬ 
guests  an  interpolating  technigue  of  high  grade.  input 
data  of  the  program  is  not  so  much  and  re-input  due  to 
design  change  is  also  easily  performed. 
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PARTGEN  (Parts  Generation) 

PART  GENERATION  is  a  program  primarily  designed 
to  allow  the  lofting  of  all  flat  plate  parts  needed 
in  the  hull  of  ship.  A  limited  amount  of  developed 
parts  such  as  cambered  deck  can  also  be  generated. 

The  output  of  the  program  consists  of  one  or 
more  of  the  following: 

.  Storage  of  the  individual  part  or  burning  tape 
into  data  base 

.  Nesting  information  for  use  with  the  nesting 
program 

,  Paper  tape  for  the  drafting  machine 

,  Calculation  list  for  making  a  material  cutting 
list  by  hand 

PARTGEN  program  shall  be  considered  good  enough 
in  its  function  which  should  satisfy  the  needs  from 
NC  lofting.  The  adequate  function  to  define  element 
surfaces  of  parts;  such  as  points,  straight  lines, 
circles  and  curves;  and  to  define  contours,  holes,  cut¬ 
outs  and  stiffener's  location  are  provided.  jn  addition 
the  function  to  retrieve  the  description  of  ship's  hull 
previously  loaded  and  the  function  to  calculate  geo¬ 
metrical  matters  used  for  defining  parts  and  for  making 
a  material  cutting  list. 

However,  the  following  can  be  pointed  out  by  IHI 
for  future  betterment. 

1)  Definiation  of  Stiffeners  on  a  Web: 

A  web  plate  and  the  stiffeners  on  it  such  as 
brackets  are  separately  defined  by  this  program  even 
if  most  of  stiffeners  on  a  web  have  close  relationship 
with  it.  The  stiffeners  also  correlate  each  other. 
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PARTGEN  (Parts  Generation)  (Continued) 

This  may  be  very  clear  by  the  following  figures: 


shall  be  expected. 

,  Input  for  parts  generation  of  stiffeners 
can  be  saved. 

,  Output  for  all  parts  of  the  sub-unit  can  be 
generated  at  a  time. 

,  Marking  line  for  stiffeners  can  be  precisely 
drawn  in  taking  account  of  plate  thickness. 

,  The  shifting  direction  of  stiffener's  plate 
thickness  can  be  drawn  automatically. 

Stiffener's  identification  number  (piece  mark) 
on  a  web  plate  can  be  automatically  drawn 
by  a  drafter. 

2 )  Output  for  a  Material  Cutting  List 

Necessary  information  and  data  are  generated  by 
PARTGEN  and  printed  out  to  make  a  material  cutting 
list  for  flat  bars,  T-bars  and  face  plates.  Comparing 
with  the  function  for  full  support  of  NC  burning  machine, 
this  output  seems  to  be  rather  poor.  if  some  features 
for  automatically  drawing  a  material  cutting  list  are 
added,  the  output  shall  become  a  finished  material 
cutting  list. 
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PARTGEN  (Parts  Generation)  (Continued) 

3)  Installation  Shipyard's  Standard 

Some  of  the  designing  standard,  such  as  shape  of 
bracket,  end  cut  of  frame  and  cutout  are  easily  in¬ 
stalled  by  the  system.  (HULLOAD  and  PARTGEN)  However 
it  does  not  seem  to  be  easy  at  this  moment  to  install 
the  production  standard,  such  as  a  bevel  angle  for 
welding  and  excess  at  joint. 

Taking  a  bevel  angle  for  welding  at  a  bracket 
on  a  web,  as  an  example,  this  angle  shall  be  decided 
by  the  intersection  angle  with  the  correlating 
structures.  Refer  to  the  following  figures. 
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PARTGEN  (Parts  Generation)  (Continued) 

Bevel  angles  9,  9-^,  0£  and9^  shall  be  decided 
from©  and  from  the  intersection  angles  at  Cir  C2  and 
C3 respectively .  Though  these  intersection  angles 
can  be  calculated  and  printed  out  by  PARTGEN,  the 
actual  bevel  angles  (9,  0^,  ©2,  9g)  will  have  to  be 
decided  by  user.  in  addition,  it  seems  to  be  important 
to  remind  that  the  precise  length  and  the  precise 
location  of  the  stiffeners  can  be  finalized  through 
this  process. 

If  these  standards  or  schemes  are  established 
and  treated  by  the  system,  users  can  be  released  from 
this  troublesome  works. 
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NESTING 

The  NESTING  Program  defines  location  (in  the  plate) 
and  alteration  of  pieces,  center  punching,  inner  hole 
and  outer  contour.  Finally  the  program  generates  a 
paper  tape  for  a  NC  burning  machine.  This  program  is 
provided  with  almost  all  necessary  functions,  such  as 
Piercing,  Common  cut,  Automatic  center  punching  sequence 
and  Bridging,  except  Bevel  cutting. 

For  bevel  cutting,  a  programmer  codes  in  NC  tape 
to  stop  the  machine  at  both  start  and  end  point  of  a 
surface  with  bevel.  Then  a  machine  operator  sets  the 
bevel  angle  of  the  cutting  torch  by  hand.  This  work 
seems  to  be  inconvenient  for  operators  because  they 
might  have  no  information  on  the  direction  where  the 
machine  goes  ahead.  it  shall  be  recommendable  to  have 
automatic  cutting  of  bevel,  however,  it  may  be  compli¬ 
cated  to  be  provided  with  the  function  of  automatic 
bevel  cutting  which  can  be  of  great  help  for  saving 
time  and  precise  cutting. 

In  this  concern,  more  detailed  description  shall 
be  presented  in  another  report  "Numerical  Control 
Steel  Fabrication". 
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PLATDV 

The  PLATDV  program  is  a  module  to  develop  three 
dimensional  surface  into  flat  plate,  commonly  used 
for  shell  plate  development,  for  cold  roll  process. 

The  methods  used  in  the  program  are  triangulation 
and  girth  length.  There  can  be  seen  some  problems 
in  accuracy  at  the  surface  with  large  curvature  as 
described  in  the  user's  manual.  Though  it  is  not  very 
clear  that  the  said  inaccuracy  is  caused  by  the  de¬ 
veloping  method  itself  or  by  cold  roll  process,  there 
may  be  problems  in  the  both. 

Concerning  the  developing  method  itself,  the 
following  shall  be  considered  to  be  the  cause  of  in¬ 
accuracy  : 

1)  The  girth  length  is  calculated  from  the  arc 
length  of  the  circular  arc  to  be  defined  with 
three  space  points.  In  case  of  "S-curved"  surface 
and  sparse  arrangement  of  space  points,  the  girth 
length  of  the  circle  shall  differ  from  the  true 
length . 

2)  Error  shall  be  accumulated  during  repetition  of 
development  from  the  starting  part  to  the  final 
part  of  plate  by  the  triangulation  method.  This 
tendency  shall  become  conspicuous  as  the  length 
of  plate  is  longer  and  as  the  curvature  is  larger. 

3)  Function  to  correct  the  error  during  cold  roll 
process  is  not  provided.  Generally  the  plate  is 
known  to  be  stretched  by  cold  roll.  This  margin 
should  be  considered. 

As  described  at  'FAIRING',  SPADES  provides  a  good 
interpolation  algorithm.  if  this  algorithm  is  fully 
applied  to  approximate  and  interpolate  the  curved  sur¬ 
face,  the  result  shall  be  much  amended. 
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ROLL  SET  TEMPLATE  (Manufacturing  Aids) 

For  lack  of  a  large  drafting  machine,  the  ROLL 
SET  TEMPLATE  program  is  not  now  in  use  at  Levingston. 
So  that  the  templates  are  obliged  to  be  made  manually 
by  loft  men. 

A  brief  comment  on  the  ROLL  SET  TEMPLATE  program 
can  be  presented  through  hearing  from  Levingston 's 
personnel  who  used  to  utilize  the  program. 


A  number  of  templates  at  frames  including  two 
extremes  can  be  provided  by  the  program.  jn  casethat 
the  plate  to  be  bent  has  a  double  curvature  or  a  tight 

curvature  lengthwise,  other  templates  at  longitudinal 
frames  and/or  water  lines  shall  be  prepared  by  hand 
referring  output  lists  through  the  other  programs  of 
Manufacturing  Aids. 


It  seems  to  be  troublesome  a  little  for  loft  men 
to  judge  the  curvature  of  plate  and  to  handle  those 
programs.  It  may  be  more  applicable  if  the  ROLL  SET 
TEMPLATE  program  handle  the  said  conditions  by  itself. 
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FRAME  BENDING 

The  FRAME  BENDING  Program  generates  the  informati 
required  for  bending  longitudinal  and  transverse  frame 
and  produce  templates  for  the  end  cuts  of  the  beams. 

The  output  can  be  in  one  or  more  of  several  different 
forms : 


Full  size/reduced  scale  templates  or 
drawings  of  the  true  curvature  or  the 
inverse  curvature. 

,  Tabulated  offsets  of  the  inverse  or  true 
curvature  at  specified  increments  along 
the  chord  of  the  beam. 

.  Full  size  templates  for  the  end  cuts  of 
the  beam. 

Using  these  output,  the  following  works  can  be 
performed: 

,  Marking  full  size  templates  by  hand. 

.  Preparation  for  conjunction  with  a  frame 
bending  machine. 

.  Checking  after  bending  by  a  previously 
marked  inverse  curve. 

Concerning  this  subject,  it  might  be  meaningful 
to  note  that  bending  performed  by  the  FRAME  BENDING 
is  limited  to  two-dimensional  curvature. 

On  the  other 

hand,  IHI  system  allows  to  bend  three-dimensional 
curvature  (space  curvature  or  twisted  curvature) .  The 
difference  might  come  from  the  one  of  bending  practice 
and  design  practice  between  U.S.  shipyard  and  Japanese 
shipyard. 
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PINJIG 


The  PINJIG  Program  has  never  been  used  by 
Levingston,  because  assembly  on  pin/jig  has  not  been 
applied.  Through  the  study  by  the  users  manual,  fol¬ 
lowing  problems  could  be  found. 

Positioning  data  for  the  corner  points  of  the  unit 
and  height  dimension  at  each  pin/jig  position  shall  be 
fulfilled  with  output  through  the  PINJIG  Program.  How¬ 
ever,  more  information  shall  be  required  for  assembly 
such  as: 

.  Girth  length  at  both  end  seams  and  end  butt. 

,  Diagonal  length  of  a  unit  to  check  the  shape 
of  a  unit. 

,  Fitting  angle  of  internal  structures  (such  as 

web  frames,  girders  and  longitudinal/transverse 
frames)  to  shell  plate. 

This  information  may  be  calculated  by  the  program 
"Manufacturing  Aids".  it  shall  be  recommendable  that 
the  system  is  provided  with  the  function  to  totalize 
the  output  from  the  PINJIG  Program  and  the  output  of 
the  said  additional  data  which  may  be  calculated  by  the 
modules  of  Manufacturing  Aids. 
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DEMO  (Engineering  Detailing  Module) 

1)  The  Levingston  Shipbuilding  Company  has  not  yet 
installed  'DEMO',  which  was  a  newly  developed  module 
to  utilize  the  time  and  effort  spent  during  the  detail 
design  phase  for  numerical  description  of  the  ship 
structure.  Therefore,  it  is  not  possible  to  report 
the  usage  of  'DEMO'  in  practice. 

However,  it  seems  to  be  necessary  to  report  on 
the  new  module  DEMO.  Because  DEMO  is  one  of  the 
representative  modules  to  evaluate  the  functions  of 
the  SPADES  system,  especially  to  evaluate  its-  future 
development . 

A  study  by  the  preliminary  description  of  DEMO 
module  has  been  done  and  a  few  comments  are  presented 
as  below. 

2)  The  characteristics  and  purpose  of  the  DEMO  module 
are  as  follows: 

a)  Visual  checking  of  the  previous  loaded  data 
base  increases  and  the  data  base  becomes  more 
comprehensive,  verification  of  loaded  data  be¬ 
comes  more  and  more  difficult.  By  checking  the 
data  loaded  on  the  data  base  with  drawings  per¬ 
formed  through  this  module,  the  possibility  of 
errors  downstream  during  part  generation  can  be 
greatly  reduced. 

b)  An  efficient  tool  for  detailing: 

All  through  members  affecting  other  surfaces 
must  be  handled  by  'HULLOAD'.  On  the  other  hand, 
local  details  will  be-defined  by  'DEMO' .  Details 


IHI  3IARINE  TECHXOIiOGY.  IXC. 


1.2-1  fi 


DEMO  (Engineering  Detailing  Module)  (Continued) 


are  defined  as  follows: 

.  Stiffeners: 

Symbolic  Name 
Contour  Definition 
Shape  Code  Number 

Orientation  (near  side  or  far  side) 

.  Seams: 

Symbolic  Name 

Contour  Definition 

Welding  Detail  (bevel  and  gap) 

Thickness  on  both  sides 

.  Holes: 

Symbolic  Name 
Contour  Definition 

Thickness,  Width  and  Offset  of  Face  Bar 
.  Brackets: 

Symbolic  Name 

Contour  Definition  or  Standard 
Detail  Identification 
Thickness 

Width  and  Thickness  of  Flange 

.  Inner  Lines: 

Contour  Definition 

Width  and  Thickness  of  Face  Bar 

C)  Saving  manhour  input  for  part  programming: 

Using  the  function  of  parts  separation  of 

part  generation  to  the  detailed  designed 

structures  by  DEMO,  manhour  input  for  part 

programming  will  be  greatly  reduced. 

Programming  capabilities  and  language  are 

designed  as  close  to  'PARTGEN'  as  possible, 
and  all  'PARTGEN'  tools,  such  as  Math, 

Contours,  Symbolic  Calls,  Loops  and 
Reps  will  be  available. 
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DEMO  (Engineering  Detailing  Module)  (Continued) 

d)  As  a  result  of  design  work  performed  by 
'DEMO'  associated  with  'HULLOAD',  structural 
drawings  can  be  completed  with  the  exception  of 
lettering  and  dimensioning. 

3)  IHICS  (Integrated  Hull  Information  Control  System) 

of  IHI  involves  the  close  function  of  'DEMO'  and  'HULLOAD' 
There  can  be  found  close  similarity  on  the  purpose  and 
aim  between  the  SPADES  system  and  IHI  system,  even  if 
detailed  approaching  methods  are  different  from  each 
other . 

4)  Before  installation  of  'DEMO'  for  Levingston,  some 
of  the  preparation  should  be  requested. 

a)  A  large  drafting  machine  should  be  necessary. 

One  of  the  main  purposes  of  'DEMO'  is  on 
verifying  drawings.  in  order  to  make  'DEMO'  useful, 
a  large  drafting  machine  will  have  to  be  used. 

b)  Preparation  on  Levingston 's  design  standard: 

In  order  to  use  'DEMO'  in  full  worth,  design 
standards  will  have  to  be  reviewed  though  some  of 
them  have  been  established. 

Design  standards  are  as  follows: 

.  Symbolic  Name  of  Stiffeners,  Seams, 

Holes  and  Brackets. 

,  Contour  (shape)  of  Stiffeners  and 
Brackets . 

,  Welding 

,  End  Connections  of  Stiffeners  (lap, 
snipes,  knuckles) 

,  Drawing  standard 

These  standards  should  be  arranged  for  easy 
application  to  'DEMO'. 
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DEMO  (Engineering  Detailing  Module)  (Continued) 

5)  Future  scope  of  'DEMO': 

It  seems  to  be  meaningful  to  try  thinking  of  the 
future  scope  of  'DEMO' .  As  mentioned  in  'Over  View'  of 
this  paper,  the  SPADES  system  has  enough  space  to  be 
developed  in  the  future. 

'DEMO'  and  ' SPAC '  (Ship  Production  and  Control 
Module)  shall  be  nucleus  for  the  future  development  of 
the  SPADES  System.  From  the  viewpoint  of  computer  tech¬ 
nology,  there  can  be  found  interesting  matters  around 
the  said  modules.  Technology  of  cathode  lay  display  is 
one  of  them. 

Quick  verification  of  data  on  the  Data  Base,  detailing 
by  'DEMO'  and  correction  can  be  easily  performed  by  a 
character  display  or  a  graphic  display.  After  checking 
the  data,  drawings  shall  be  completed  by  a  large  drafting 
machine.  This  process  shall  be  of  great  help  for  re¬ 
ducing  the  turnaround  time.  A  sample  work  flow  on  this 
matter  is  displayed  as  follows: 

It  does  not  seem  difficult  to  attach  these  features 
to  the  SPADES  System.  However,  the  development  will 
have  to  proceed  in  taking  account  of  the  cost  to  be 
required  for  users. 

Though  the  future  scope  of  'DEMO'  can  be  expanded 
to  the  said  advanced  computer  technology,  the  recommended 
future  scope  at  Levingston  shall  be  to  install  'DEMO' . 
associated  with  a  large  drafting  machine  and  without 
the  cathode  lay  tube  technology. 
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SPAC  (Ship  Production  and  Control  Module) 

The  Levingston  Shipbuilding  Company  has  not  yet 
installed  'SPAC'  which  was  a  newly  developed  module  to 
utilize  the  data  needed  to  generate  the  required  reports 
for  production.  Therefore,  it  is  not  possible  to  report 
the  usage  of  'SPAC'  in  practice. 

By  preliminary  description  of  'SPAC',  the  following 
functions  shall  be  provided  to  'SPAC'  as  listed  below. 

Unit  weight  of  pieces  and  weight  and  centers 
of  gravity  of  assemblies  and  sub- 
assemblies  . 

Length  and  nesting  within  standard  lengths 

of  shapes  of  the  various  individual  shaped 
pieces . 

Cross  reference  between  assemblies  due  to 
the  nesting  into  a  plate  of  pieces  be¬ 
longing  to  different  assemblies. 

Processing  time  for  N/C  burning  tapes  and 
flame  planer  sketches. 

Bulk  material  allocation  for  pieces  produced 
through  shearing  or  'one-to-one'  optical 
burning. 

Revision  control  is  maintained  by  the  system 
for  all  the  issued  reports  generated,  and 
many  others. 

IHI  System  involves  such  kinds  of  modules  in  use 

as: 

Piece  list  issuing  program  for  sub-assembly,  as¬ 
sembly  and  erection. 

,  Piece  mark,  number  of  pieces,  weight,  shape 
of  piece  (including  material  dimension) 
are  involved. 
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SPAC  (Ship  Production  and  Control  Module)  (Continued) 

Material  control  program  and  others. 

Through  IHI's  experience,  the  function  of  'SPAC' 
as  a  necessity  is  easily  understood,  especially  the 
function  of  piece  list  issue  required  at  Levingston. 
However,  these  matters  shall  request  for  user  shipyards 
to  make  more  clear  their  method  for  administration  of 
their  organization  from  engineering  through  production. 
Therefore,  it  might  be  prior  matter  to  establish  clearly 
their  production  process  and  material  flow  to  install 
' SPAC '  . 
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1.3.  The  Usage  of  the  SPADES  System  at  Levinqston 

1)  The  modules  of  the  SPADES  System  to  be  used 
at  Levingston  are  shown  in  the  following  table: 


— ITEM 
MODULE 

USAGE 

REMARKS 

HULLCAL 

Unused 

SHOP  (Ship  Hull  Character¬ 
istics  Program)  developed 
by  U.S.  Navy  is  now  in  use. 

FAIRING 

Used  Indirectly 

For  lack  of  a  drafting 
machine,  Cali  &  Associates 
Inc .  calculates  for 
Levingston. 

HULLOAD 

Used 

Checking  by  a  small  plotter 

PARTGEN 

Used 

Ditto 

NESTING 

Used 

Ditto 

PLATDV 

Used 

Ditto 

ROLL  SET 

Unused 

Making  templates  by  loftmen 

FRAME  BENDING 

Used  Partially 

Bending  list  only  to  be 
calculated 

PINJIG 

Unused 

Plate  assembly  on  PINJIG  is 
not  performed. 

DEMO 

Unused 

Not  yet  installed 

SPAC 

Unused 

Not  yet  installed 
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1.3.  The  Usage  of  the  SPADES  System  at  Levingston  (Continued) 

As  shown  above,  only  five  modules  of  the  SPADES 
System  are  now  in  use  and  another  one  is  partially  used. 
As  for  HULLCAL  module  and  module,  concerning  fabricating 
a  curved  shell  unit,  there  can  be  seen  clear  problems 
as  follows.  For  the  others,  a  totalized  study  shall  be 
required.  In  this  concern,  a  detailed  study  and 
recommendation  shall  be  presented  later. 
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1.3.  The  Usage  of  the  SPADES  System  at  Levingston  (Continued) 


2)  For  HULLCAL  module,  following  problems  have  been 
pointed  out  by  the  user  engineer  at  Levingston.  There¬ 
fore  SHCP  (Ship  Hull  Characteristics  Program)  developed 
by  U.S.  Navy  is  now  in  use  instead  of  'HULLCAL'  of 
SPADES. 

(2-1)  Problems  pointed  out  at  Levingston: 

.  The  program  of  Damage  Stability  Calcu¬ 
lations  cannot  be  sunk  below  the 
Margin  Line  in  damage  at  0  heel. 

The  Margin  Line  cannot  be  made  above 
the  uppermost  deck  in  the  present 
version  at  Levingston. 

,  Documentation  does  not  always  agree 
with  the  User's  Manual. 

(2-2)  Additional  problem  at  Levingston: 

,  Side  Launching  is  obliged  at  Levingston, 
however,  there  is  no  suitable  launching 
calculation  program  neither  in  SPADES 
nor  SHCP. 

(2-3)  Information  and  data  necessary  for  ship's 
operation  and  test  trials  before  ship's 
delivery : 

.  It  seems  to  be  useful  if  the  said  infor¬ 
mation,  such  as  Turning  Test  and  Crash 
Stop  Astern/Ahead  Test  are  performed  by 

3)  PLATDV,  ROLL  SET,  FRAME  BENDING,  PINJIG: 

These  are  the  modules  for  fabricating  a  curved 

shell  unit.  PLATDV  is  only  in  full  use  and  FRAME 
BENDING  is  partially  used.  The  others  are  not  in  use. 
The  usage  of  these  modules  seems  to  be  unbalanced. 

Lack  of  a  large  drafting  machine  shall  be  the  cause. 
However,  it  might  be  possible  to  make  a  template  for 
bending  a  curved  plate  or  a  curved  frame  through  the 
output  of  'ROLL  SET'  or  'FRAME  BENDING'. 
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PLATDV,  ROLL  SET,  FRAME  BENDING,  PINJIG  (Continued) 

As  far  'PINJIG',  fabrication  method  for  a  curved 
shell  unit  is  the  primary  theme.  Levingston  has  not 
decided  to  adopt  the  assembling  method  of  'PINJIG' . 

One  of  the  biggest  differences  in  constructing  tech¬ 
nology  between  Levingston  and  IHI  lies  in  this  method. 
This  theme  shall  be  studied  through  the  Technical 
Transfer  Program. 
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4)  Total  View  on  the  Problems  Facing  at  Present 
and  in  Future _ 

The  urgent  themes  to  be  studied  at  Levingston 
are  as  follows: 

.  Working  drawings  to  be  issued  as  fast  as 
possible  with  a  suitable  advance  for  study 
on  fabrication  method  by  production  people. 

.  Easy  and  quick  follow-up  to  design  change 
caused  by  the  Owner's  opinion,  claims  from  the 
classification  society  and  convenience  of 
production  method. 

.  Manpower  saving  both  at  the  Engineering  office 
and  Lofting. 

.  Error  caused  by  mis-input  to  she  SPADES  modules 
to  be  minimized  for  the  smooth  operation  of  the 
system  and  for  preventing  the  production  process 
from  confusion  due  to  errors. 

Consideration  for  scarcity  of  skilled  loftmen. 

The  following  are  supposed  to  be  concrete  problems 
and  difficulties  to  realize  the  said  themes. 
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4)  Total  view  on  the  problems  facing  at  present  and 
in  future.  (Continued) 

(4-1)  LINES  FAIRING  must  be  trusted  in  Cali  & 
Associates,  INC.,  so  that  TAT  (Turn  Around  Time) 
of  it  gets  longer  and  money  is  lost.  FAIRING  IS 
the  most  fundamental  for  quick  start  of  every 
designing  work.  if  the  work  can  be  performed  by 
Levingston  itself,  the  faired  lines  shall  be 
brought  more  guickly  in  low  cost. 

(4-2)  Visual  checking  is  not  so  easy.  Results 
of  'HULLOAD',  'PARTGEN'  and  'NESTING'  are  obliged 
to  be  checked  with  small  scaled  drawings.  This 
might  cause  some  errors  and  inaccuracy. 

(4-3)  Duplicated  works  can  be  seen  between  the 
Engineering  office  and  Mold  Lofting. 

Most  of  manhours  are  spent  for  making  working 
drawings  at  the  hull  section  of  the  Engineering 
office.  The  working  drawing  might  be  beautiful 
enough  to  express  the  ship's  structure.  The  m0st 
detailed  dimensions  and  all  necessary  information 
are  involved  in  the  drawings.  piece  mark  system, 
plate  thickness  shifting  direction  of  stiffeners, 
cutouts,  end  cut  of  stiffeners  and  welding  infor¬ 
mation  are  described.  They  are  drawn  by  hand,  as 
if  drawn  by  a  drafting  machine. 

On  the  other  hand,  input  for  'HULLOAD'  is 
simultaneously  prepared  at  the  Engineering  office 
for  the  succeeding  jobs.  Then  the  input  will  have 
to  be  verified  by  drawing  with  a  small  plotter  for 
only  visual  checking. 
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4)  Total  view  on  the  problems  facing  at  present  and 
in  future.  (Continued) 

If  the  input  for  'HULLOAD'  precedes  and 
drawings  are  drawn  by  a  drafting  machine  with  a 
suitable  scale.,  the  drawings  can  be  utilized  as 
the  base  drawings  from  which  more  detailed  design 
can  be  performed  as  well  as  checking  drawing  for 
input . 

In  addition,  in  N/C  lofting  at  present,  let¬ 
tering  and  dimensioning  will  have  to  be  obliged  to 
be  performed  by  hand  referring  the  working  drawings. 
This  duplicated  work  is  being  performed  in  a  small 
scaled  drawing. 

(4-4)  Manual  lofting  in  full  scale  still  remains 
at  pretty  range. 

In  order  to  make  a  template  for  bending,  a 
full  scaled  line  is  being  drawn.  This  work  can  be 
performed  by  the  computer  system  and  by  the  sealed' 
lines.  From  the  viewpoint  of  scarcity  of  skilled 
loftsmen,  this  kind  of  work  might  be  replaced  by 
the  computer  system  as  much  as  possible. 

5)  Some  recommendations  from  IHI  for  the  better  usage 
of  the  SPADES  system  at  Levingston: 

Through  IHI's  study  on  the  SPADES  system  used  at 
Levingston,  concrete  problems  described  in  the  previous 
paragraph  remain.  What  is  needed  at  Levingston  at  this 
moment  to  solve  the  said  problems  shall  be  to  make  full 
use  of  the  SPADES  system.  For  each  module  of  the  SPADES 
system,  IHI's  recommendations  have  already  been  described 
in  1.2.  The  following  are  the  additional  recommendations 
from  IHI. 
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5)  Some  recommendations  from  IHI  for  the  better  usage 
of  the  SPADES  system  at  Levingston  (Continued) 

(5-1)  To  install  a  N/C  Directed  Drafting  Machine 
for  the  Engineering  and  the  Loft: 

A  small  plotter  has  been  provided  for  the 
loft.  However,  it  cannot  satisfy  the  need  from 
Engineering  and  Lofting  as  aforementioned  at  1.3-4. 

By  utilizing  a  N/C  Drafting  machine,  these  problems 
can  be  fairly  proved. 

The  requested  drafting  machine  shall  have  a 
70"  x  150'  effective  drafting  area  and  its  cost 
is  estimated  to  be  $100, 000— $150, 000 .  Installation 
of  a  N/C  Drafting  machine  makes  it  easy  to  install 
'DEMO',  which  shall  contribute  to  the  betterment 
described  already,  such  as: 

.  Fast  issue  of  working  drawing 

,  Easy  and  quick  follow-up  to  design  change 

,  Exclusion  of  duplicated  works 

,  Manpower  saving 

(5-2)  To  confirm  data  flow  from  the  Engineering 
office,  including  lofting  through  production: 

In  order  to  realize  the  said  urgent  theme, 
the  actual  data  flow  extended  from  Engineering 
Office  through  Production  field,  which  is  now 
getting  clearshall  be  expected  to  be  confirmed. 
This  confirmation  and  selection  of  IHI ' s  recom¬ 
mendation  described  in  this  paper  (1.2,  1.3)  are 

requested  to  be  proceeded  simultaneously. 
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2.0.  IHI  System 

The  Computer-Aided  Hull  Design  System  of  IHI 
covers  almost  over  all  of  hull  design  field  from  the 
initial  design,  detailed  design  through  production 
engineering. 

IHI  system  consists  of  six  (6)  independent  main 
systems,  which  support  their  particular  functions. 

Some  of  them  are  designed  to  communicate  with  the  other 
systems  through  their  data  base  to  keep  a  coincidence 
of  common  data  between  them  and  to  save  input.  Main 
systems  are  as  follows: 

ZPLATE,  ZVIBRA 

Structural  Analysis 

SPECS 

Ship's  Hull  Calculation 
Operational  Information  Calculation 

FAIRING 

Lines  Fairing 

SHELL 

Shell  Plate  Development 
Template  for  Bending 
Assembly  Unit  Marking  on  PIN/JIG 
Supporting  Jig  Height  Dimension 

LODACS 

Longitudinal/Transverse  Frame  Development 
Template  for  Bending 

IHICS 

Ship's  Hull  Description 
Section  Design 
Parts  Generation 

NC  Lofting  (NC  Drawing,  NC  Burning  Machine) 
Parts  List  Issue 

Data  Communication  by  Display  Terminal 
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2 . 0  IHI  System  (Continued) 

Since  many  of  documents  concerning  this  subject 
have  been  already  submitted  to  Levingston,  only  special 
characteristics  of  the  said  systems  shall  be  presented 
here.  The  following  are  the  documents  to  have  been 
submitted. 

(Through  our  Memo  Ref.  No.  FPC-073  dated  February  23, 
1979) 

1.  Brief  Explanation  of  IHICS 

2.  IHICS  -  Actual  Input/Output  Examples 

3.  Summary  of  IHI  SHELL 

4.  LODACS  -  Ship  Frame  Data  Processing  System 

5.  SPECS  -  Ship's  Preliminary  and  Exact 

Calculation  System 

6.  SPECS  -  Actual  Output  Example 

(Through  our  Memo  Ref.  No,  FPC-046  dated  January  18, 

1979) 

7.  The  User's  Manual  'Z-Plate'  Output  Sample. 

(Through  our  Memo  Ref.  No.  FPC-029  dated  December  20, 
1978) 

8.  General  Purpose  Program  of  Plane  Stress 
Analysis  by  Finite  Element  Method  and 
Its  Application  (ZPLATE) 

9.  Matrix  Method  of  Vibration  Analysis  of 
Framed  Structure  and  Its  Application 

Relationship  between  the  said  systems  and  functions 
is  presented  in  the  following  figure. 
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Z  VIBRA 


Z  PLATE 
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2 . 1  Characteristics  of  Each  System  of  IHI 

Only  special  characteristics  are  described  here. 
Other  details  are  presented  in  the  aforementioned 
documents.  It  is  coherent  in  all  systems  that  plenty 
of  drawings  can  be  generated  through  the  systems  and 
that  designing  know-how  through  IHI's  long  experience 
is  concentrated  in  the  systems. 
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2. 1  Characteristics  of  Each  System  of  IHI  (Continued) 

ZPLATE,  ZVIBRA 

ZPLATE  is  a  program  for  analysis  of  elastic  plate  structures 
under  plane  stress  conditions,  and  especially  a  program  for  three 
dimensional  structure  constructed  with  plates  or  orthotropic  plates 
will  be  distinctively  useful  for  analysis  of  ship  hull  structure. 
There  exists  many  good  programs  covering  this  field  in  the  world. 
However,  labor  to  make  input  data  for  the  given  problem  is  gen¬ 
eral  I y  too  I arge  to  use  in  practi ce. 

ZPLATE  solved  this  problem  by  adopting  a  substructure  method 
with  the  function  of  automatic  mesh  generation  and  with  periodic 
identical  pattern.  In  addition,  this  program  includes  also  a 
check  device  of  input  data  and  adjustment  of  calculated  results 
by  using  a  high  speed  plotter  and  a  graphic  display. 

ZVI BPA  has  been  prepared  for  analysis  of  vibrational  responses 
in  elastic  range  of  t  h  r  e  e  -  d  i  me  n  s  i  o  n  a  I  f  r  a  me  d  structures  under 
sinusoidal  forced  vibration.  Because  the  effects  of  shear  rigidity 

and  rotatory  inertia  are  taken  into  consideration,  this  method  is 
particularly  effective  in  the  analysis  of  structures  such  as  the 
ship  hull  structures  where  the  effects  of  those  factors  cannot  be 
ignored.  For  vibrational  analysis  me t  h o d  of  f  r  a  me d  structures,  a 
method  in  general  use  obtains  natural  frequencies  in  free  vibration 

by  replacing  the  structure  to  be  analyzed  with  a  structure  made 
up  of  a  multiple  mass  and  spring  system.  However,  in  framed 
structures  where  shearing  deformation  and  rotatory  inertia  are 

taken  into  consideration,  it  is  extremely  difficult  to  obtain 
natural  values  by  the  use  of  the  above  me t  h o d ; 

In  ZVIBRA,  an  assumption  of  the  framed  structures  to  be  a 

conglomerate  of  beams,  which  have  infinite  degree  of  freedom,  has 
been  taken  and  then  their  stiffeness  matrices  were  obtained  using 
such  matrices,  their  vibrational  responses  were  calculated,  and 
as  a  result  their  vibrational  modes  and  amplitudes  were  obtained. 
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2, 1  Characteristics  of  Each  System  of  IHI  (Continued) 

SPECS 

SPECS  has  been  applied  to  detailed  design  in  ship's  hull 
preliminary  calculation  on  Hull  Form  and  its  capacity.  In  addition, 
necessary  information  and  data  at  ship's  operation  and  at  test 
trials  before  its  delivery  are  also  calculated.  Almost  all  of  the 
sub- programs  of  the  system  generate  drawings  and  curves  as  well  as 
tabular  prints.  The  actual  output  examples  can  be  referred  to  in 

"Actual  Output  Example  of  Ship's  Preliminary  and  Exact  Calculation 
System. " 
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2. 1  Characteristics  of  Each  System  of  IHI  (Continued) 

FAI  Rl  NG 

IHI  FAIRING  program  performs  Lines  Fairing  by  adopting  a 
newly  developed  interpolating  method  called  1 N-  Curve' .  'N-Curve', 
of  which  term  stands  on  'Natural  Curve1,  can  express  straight 
line,  true  circle  (arc)  and  a  compound  straight  line  with  a 
knuckle  point  as  well  as  'natural  curve'. 
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2, 1  Characteristics  of  Each  System  of  IHI  (Continued) 

IHICS  (Integrated  Hull  Information  Control  System) 

I  HI  CS  is  a  series  of  program  packages  associated  with  the 
Data  Base.  IHICS  serves  for  mainly  describing  ship's  hull  structure, 
section  design,  parts  generation,  NC  lofting,  NC  burning  machine 
and  parts  list  issue.  The  special  characteristics  are  as  follows: 

1)  To  be  based  on  Data  Base  concept: 

By  excluding  duplicate  data,  incoincidence  of  data  is 
prevented  and  the  space  of  the  memory  on  Disk  is  much 
saved. 

For  easy  maintenance  of  the  systems  and  data,  programs 
and  data  are  independent  from  each  other. 

IMS  (Information  Management  System)  of  IBM,  Inc.  has 
been  adopted. 

2)  To  generate  sectional  drawings  at  any  location  and  at  any 

phase  of  desi gni ng. 

3)  To  generate  a  part  program  by  the  system  itself  (as  well 

as  ma  n  u  a  I  coding). 

4)  To  generate  parts  list  for  any  stage  of  production  (fabri¬ 

cation,  sub- assembl  y,  assembly  and  erection)  at  an  early 

t  i  me. 

5) -  Parts  generation  with  full  information  necessary  for  pro¬ 

duction  (fitting  angle,  plate  thickness  shifting  direction, 
bevel  angle,  piece  mark  and  additional  material). 

6)  Automatical  reference  of  design  standard  and  production 

standard: 

Shape  standard  -  cut  out,  scallop,  bracket,  stiffener  end 
cut. 

,  Standard  how  to  select/apply  standards. 

,  Bevel  and  gap  for  wel  di  ng. 
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I  HI  CS  (Integrated  Hull  Information  Control  System)  (Cont.) 

7)  Register  and  revise  of  standard  data. 

8)  Material  cutting  drawings  (not  lists)  with  full  information 

necessary  for  ma  r  k  i  n  g . 

9)  Detailed  working  drawings  for  sub- assembly  and  assembly. 

10)  Consideration  on  design  change  (Refer  to  the  attached  paper). 

11)  Online  capability  - 

Many  online  terminals  are  supported  under  the  control 
of  I  MS/  DB.  DC. 

12)  Connection  to  Graphic  Display. 

Listed  above  are  only  a  summary  of  the  characteristics  of 
IHICS.  The  more  detailed  description  and  actual  output  examples 
are  presented  in  the  s  u  b  mi  1 1  e  d  d  o  c  u  me  n  t  s . 
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2, 1  Characteristics  of  Each  System  of  IHI  (Continued) 

SHELL 

The  SHELL  system  constitutes  an  integrated  and  computeri  zed 
data  processing  system  which  provides  various  highly  accurated 
information  pertaining  to  all  the  processes  in  production  of 
a  curved  shell  unit.  The  SHELL  system  covers  shell  plate  de¬ 
velopment,  making  template  for  bending,  unit  marking  on  supporting 
jigs  and  jig  height  calculation.  |n  addition,  these  calculations 
are  performed  under  the  common  base  which  user  planners  can  in¬ 
put  the  most  suitable  condition  from  the  viewpoint  of  accuracy 
and  workability  in  the  production  process.  The  standardization 
of  production  technologies  and  analysis  of  application  know-how 
in  the  SHELL  system  has  been  established  by  mobilizing  of  the 
engineering  power  in  I  HI 1  s  five  shipyards. 

Special  Characteristics  of  SHELL: 

1)  Shell  system  is  a  composite  system  for  the  geometrical 
calculation  and  data  calculation  and  a  data  processing  system 
relevant  to  the  production  of  a  curved  shell  unit. 

2)  Shell  system  displays  a  far  higher  level  on  accuracy  as 
compared  with  the  conventional  system.  The  new  ideas  and  method 
to  be  adopted  for  this  matter  are  as  follows: 

.  In  order  to  make  calculating  algorithm  simple  as  well 

as  in  order  to  keep  the  high  accuracy  of  the  output, 

the  lines  are  drawn  by  the  concurrence  of  points 
approximated  by  a  certain  supplementary  straight  lines. 

The  optional  cut-plane  method  is  fully  adopted.  This 
.is  a  method  to  develop  a  curved  shell  plate  in  the 
view  that  the  characteristics  of  its  curvature  are 
displayed  best. 

The  desired  plate  is  cut  out  of  a  larger  expanded 

.plan  including  the  surrounding  area  of  the  plate. 

In  order  to  ensure  the  accuracy  at  plate  bending  time, 

the  templates  are  set  up  at  the  right  angle  against 
the  mean  level  of  the  curved  plate. 

(Refer  to  Fig.  1  -  Fig.  3  in  the  'SHELL  Manual1) 

3)  A  remarkable  improvement  on  workability  and  accuracy  in  the 
assembly  stage  can  be  expected.  Because  the  various  working 
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SHELL  (Continued) 


practice  in  the  shop  is  taken  into  consideration  from  the 
first  step  of  the  system  executi on. 

.  In  order  to  keep  the  accuracy  of  angles  between  ad¬ 
joining  seam  and  butt  at  plate  assembly,  the  inter¬ 
section  of  datum  planes  in  the  supporting  jig  lines 
and  shell  plate  are  marked  on  each  plate,  in  addition, 
the  datum  plane  are  orthogonal  to  the  platform  surface. 

.  Instructions  can  be  given  in  connection  with  the  positi 
for  setting  plate,  postion  of  stopper  and  the  height  of 
supporti ng  jigs. 

.  The  d i  me n s i  o n s  of  unit,  diagonal  d i  me n s i  o n s  and  the 
rate  of  curvature  on  seams  and  butts  are  calculated  and 
displayed  for  checking  at  plate  a  s  s  e  mb  I  y  t  i  me . 

.  The  availability  of  automatic  welding  on  the  unit  can 
be  checked. 

.  Single  panel  assembly  can  be  also  available. 

(Refer  to  Fig.  4  -  Fig.  5  in  the  'SHELL  Manual1), 

4)  Maintainability  of  data  and  system. 

5)  Easy  recordi  ng  of  feed- back  data. 

More  detailed  description  is  presented  in  the  submitted 
d  o  c  u  me  n  t . 
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2, 1  Characteristics  of  Each  System  of  IHI  (Continued) 

LODACS  (A  Ship  Frame  Data  Processing  System) 

The  LODACS  system  covers  frame  development,  frame  bending 
and  marki  ng-cutti  ng  by  hand  or  by  NC  burning  machine.  The  LODACS 
system  generates  precise  shape  at  both  end  of  frame,  inverse  curve 
for  bending,  location  of  drain  holes  and  template  for  bending. 

These  data  are  drawn  by  a  drafting  machine,  a  plotter  and  dotto 
pri  nter  as  well  as  pri  nted  out. 

The  LODACS  supports  three-dimensional  bending  as  well  as 
two-dimensional  bending.  The  need  of  this  function  comes  from 
f abri  cati  ng  method  on  bendi  ng. 

More  detailed  description  is  presented  in  the  submitted 
document . 
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1,  CONSIDERATIONS  ON  DESIGN  CHANGE  IN  HULL  PART 

(IHICS:  Integrated  Hull  Information  Control  System:) 

Ref.  FPC-073  dated  February  23,  1979 

S o me  considerations  on  design  change  are  involved  in  the 
system  design  strategy  of  IHICS  system  which  was  developed  by 
IHI  to  perform  hull  design.  The  system  has  been  utilizing  full 
in  worth. 

Design  change  is  considered  to  be  caused  mainly  by  the 
Owner's  opinion  and  claims  from  the  classification  societies. 

It  is  very  important  to  remember  that  designing  work  for  de¬ 
tailing  has  not  been  allowed  to  keep  until  approval  by  the 
said  agency  is  given  to  the  prepared  drawings.  Therefore,  the 
influences  of  design  change  have  to  be  minimized  on  the  design- 
i ng  procedure. 

Another  consideration  to  be  taken  in  IHICS  is  flexibility 
to  the  design  change  due  to  the  change  of  production  method  such 
as  we  I  di  ng. 

From  the  viewpoint  of  computer  software,  flexibility  to 
this  kind  of  change  is  f  u  n  d  a  me  n  t  a  1 1  y  the  s  a  me  as  design  change 
occurring  during  the  period  of  the  actual  ship's  design. 

Some  actual  examples  of  the  subject  to  be  taken  in  IHICS 
are  as  foil  ows: 

1)  Relative  expression  on  hull  structure  by  defining 

language  called  'LINE'.  'LINE'  is  designed  to  describe 
objective  figures  in  relative  expression  as  far  as 
possible  so  as  to  minimize  corrections  caused  by 
al  terati  on  of  desi  gn. 

This  concept  is  coherent  in  all  sub-systems. 

(Refer  to 11 3 )  An  example  of  'LINE'  description") 

a)  These  descriptions  will  not  have  to  be  changed, 

'even  if  the  data  on  longitudinals  such  as  offsets, 
ma  t  e  r i  a  I  d  i  me  n  s i  o  n  and  cutout  are  changed. 
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These  descriptions  are  executed  by  the  system  on 
both  phase  of  designing  and  part  generation. 

b)  Generation  of  physical  data  of  every  part  can  be 
postponed  up  to  the  execution  of  parts  generation. 

The  shape  of  the  cutout  at  every  longitudinal  frame 
shall  be  generated  after  all  inputs  are  given  to  the 
system, 

2)  Independence  of  design  standard  data  from  the  computer 
program, 

Design  standard  data  can  be  registered  on  the  standard 
data  base  on  the  responsibility  of  designers.  Regis¬ 
tration  and  updating  can  be  easily  performed  by  the 
system, 

The  following  are  involved  in  the  standard  data  base: 

.  Shape  standard:  Cutout,  Hole  opening,  Scallops, 

Bracket,  End  shape  of  stiffeners 

.  Standard  how  to  select/apply  stands 

.  Fabrication  standard:  Excess,  bevels  and  gaps 
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3.  An  example  of  'LINE'  descriptions 


(An  example  for  corner  part  of  transv.  section) 


T 


* 


\ 


F60 

Tl=F60 - GEOMETRY  DB  REFERENCE 

PA1=PA-UD,ML - PANEL  DB  REFERENCE 

Pll=oUT(sL,UD,l)  —DESIGN  DB  REFERENCE 

S1=PA1,P11 

S11=PR-SL, L=2000, D 

L0NG=SL, L40, L59  GEOMETRY,  SCANTLING 
L0NG=UD, L20, L21  DB  REFERENCE 


C1=TD-S11, Tl, -S2 
P1=CP-C1 

P2=SLOT-PC2 , UD-L20 
S5=PT-P2 , PT-P1 
P3=INT (S5-C1) ,U 
P4=0N-C1, FR0M-P3, GL=150,  D 
P5=UD-L20, TOP 

A1=P100,S11,C1,S2,  - 

S24=PT-P4, PT-P5, SCS=UD-L20, ECS=A1 
S21=SL-L57 ,  SCS=SL-L57, ECS=A1 

S25=UD-L21;  SCS=UD-L2 1 ; ECS=S23 


PA/ 


COMPLEX  SURFACE 


C  - ,T1,MSL(SL,L40,L59) , T1,MSC (100) , PA1,  CONTOURING 

MSL  (UD, L2 1 , L2 1 ) ,PA1,MBS (S5, UD,  L20,  P3, 21)  ,C1  DEFINITION 
& 


H  MH(1,P51,150) 


OPENING 

DEFINITION 


X  S21=F, FIT=A, PD=D,MRK=U, TYP=FC1S1, NAM=F15 

X  S22=B, FIT=A, PD=D, MRK=U, TYP=BC1S1S1,  NAM=B16  PARTS  EXPANSION 

(STIFFENER) 


END  OF  PART  PROGRAM 
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3.0  Comparison  of  the  Capability  Between  Levingston's 
SPADES  System  and  the  IHI  System 

Comparison  of  the  capability  between  Levingston's 
SPADES  system  and  the  IHI  system  is  briefly  presented 
in  this  paragraph,  since  deep  study  and  detailed  de¬ 
scription  has  been  reported  in  preceding  paragraphs 
of  this  paper. 

In  addition,  assessment  of  the  interface  problems 
and  the  adaptability  of  the  IHI  system  software  to 
the  SPADES  system  is  briefly  tried  for  reference. 
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3.1  Comparison  of  the  system  component  between  the  two  (2) 
systems  T 

The  following  is  a  component  figure  of  the  both  systems. 
The  underlined  is  not  used  by  Levingston. 


APPLICATION 


SPADES 


IHI  SYSTEM 


Structural 

Analysis 


Unknown 


Z 'PLATE 


Vibrational 

Analysis 


SPADES 


Unknown 


Z-VIBRA 


Ship's  Hull 
Calculation 


HULLCAL* 

(Unused) 


S|hip '  s  Operations) 
Information 


PB 


Unknown 


SPECS 


SPECS 


Fairing 


FAIRING 


Ship's  Hull 
Description 


Section  Design 


Part  Generation 


Nesting 


Part ' s  Data 
Assortment 


SHELL 


Plate_  Development 


Sending  Temp  late) 

_Jig  Height _ 

Unit  Marking 


Frame 


Frame 

Development 


HULLOAD 


DEMO* 

(Unused) 


PARTGEN 


NESTING 


SPAC* 

(Unused) 


PLATDV 


Unused .  ROLL  SET* 

_  _ PIN/ JIG* 

Manufacturing  Aid 


FRAME  BENDING 
(2 -Dimensional) 


PB 


DB 


PB 


FAIRLAND 


IHICS 


Basic  Data  Creation] 
Subsystem  1 


Section  Design 
Subsystem 


LINE  System 


Nesting  Program 


production  Engineeriiji|g 
Subsystem 


PB 


PB 


SHELL 


LODACS  J 

(3 -Dimensional)  J 
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3.1.  Comparison  of  the  System  Component  between  the  Two  (2) 
Systems  (Continued) 

As  shown  in  the  aforementioned  component  figure 
of  the  SPADES  system  and  IHI  system,  full  configuration 
of  the  SPADES  system  covers  much  the  same  area  as  IHI 
system,  except  structural  analysis  and  vibrational 
analysis  through  SPADES  now  in  use  at  Levingston,  is 
a  part . 

In  conclusion,  capability  of  SPADES  is  considered 
to  be  almost  equal  to  IHI  system.  If  the  betterment 
for  the  problems  described  in  1.1-3)  and  1.2  is  taken 
into  consideration,  and  if  recommendations  by  IHI 
presented  in  1.3-5)  is  studied,  the  SPADES  system 
shall  become  full  in  worth. 
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3.2.  Adaptability  of  the  IHI  System  Software  to  the 
SPADES  System 

A  short  study  on  adaptability  of  the  IHI  system 
software  to  the  SFADES  system  has  been  done  for  reference. 

1)  As  far  as  the  computer  hardware  configuration, 
there  is  no  special  problem  for  the  subject,  be¬ 
cause  the  IHI  system  can  be  operated  on  IBM  System/ 
370  or  IBM  3031  processor. 

2)  As  far  as  the  computer  software  configuration, 
there  is  no  special  problem  for  the  subject  except 
IHICS.  IHICS  requests  to  install  the  IMS  of  IBM 
Inc.  (Information  Management  System) 

3)  ZPLATE,  ZVIBRA,  SPECS 

There  is  no  problem  to  adapt  to  the  SPADES 
system.  These  have  (their  own  data  file  and  do  not 
request  any  interface. 

4)  SHELL,  LODACS 

This  system  might  request  some  interface  for 
their  data  base  unless  a  new  data  handler  from  the 
SPADES  Data  Base  is  attached  to  these  systems. 

5)  FAIRING 

This  system  might  request  some  post-processor 
form  its  data  file  to  the  SPADES  Data  Base  unless 
the  results  are  re-input  to  the  SPADES  Data  Base 
from  the  offset  book  as  the  output. 

6)  IHICS 

It  shall  not  be  recommendable  to  adapt  to 
the  SPADES  system,  because  almost  all  the  modules 
were  coded  by  IBM  PL/1  based  on  IMS  and  too  big 
to  adapt. 

However,  algorithm  of  the  system  and  design 
philosophy  shall  be  considered  to  be  convenient 
for  reference. 
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Epilog: 


This  report  was  made  by  IHI  through  the  investigation 
and  the  discussion  with  Levingston's  personnel.  p0pes 

that  Levingston  continues  a  study  on  the  subject  matter  for 
the  future  betterment  along  the  recommendations  from  IHI 
described  in  this  paper. 
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NUMERICAL  CONTROL  STEEL  FABRICATION 

The  N/C  system  now  in  use  at  Levingston  for  steel 
fabrication  has  been  studied  by  IHI  in  order  to  quantify 
its  utilization  as  compared  to  its  potential  capabilities. 
The  study  has  been  in  process  from  November,  1979  through 
March,  1979,  as  a  part  of  the  extended  computer-aided  hull 
design  system. 

In  this  paper,  a  brief  description  on  the  usage  of 
the  N/C  system  at  Levingston  shall  be  presented  since  the 
more  detailed  description  on  the  function  of  the  system 
itself  can  be  found  in  the  attached  paper.  Then  a  brief 
study  on  the  characteristics  of  the  usage  of  the  N/C  system 
at  Levingston  shall  be  described  comparing  with  the  IHI 
system.  Finally,  some  recommendations  from  IHI  shall  be 
presented, 

Attached  Papers: 

1  .  Specification  summary  for  N/C  3000  and  N/C  3300 

SERIES  FUME  CUTTERS  by  C-R-0  Engineering  Co.,  Inc. 

Detailed  functions  of  the  same  machine  as 
Levingston' s  are  described. 

2.  IHI  High-speed  N/C  Marking.  System, - 

This  machine  was  developed  by  IHI  to  perform 
high-speed  (about  60'  per  minute)  line  marking. 

3.  IHI  Multi-torch  N/C  Cutting  Machine. 

This  machine  was  developed  by  IHI  to  perform 
gas  cutting  by  three  torches  simultaneously 
and  to  perform  line  marking  by  two  torches 
simultaneously.  This  machine  was  provided  with 
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Attached  Papers:  (continued) 

mini-computer  in  order  to  perform  checking  the 
interference  of  each  torch,  speed  control,  co¬ 
ordinate  transformation  and  many  others. 
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1.0  The  Usage  of  the  N/C  System  at  Levingston 


C-R-0  Double  Model  N/C  3000  flame  cutter  is  now 
in  use  at  Levingston.  it  is  controlled  by  Kongsberg 
CNC  500  with  the  DNC  (Direct  Numerical  Control)  soft¬ 
ware.  The  machine  is  provided  with  almost  all  neces¬ 
sary  functions  to  perform  the  N/C  steel  fabrication 
at  Levingston  such  as: 

Two  sets  of  the  master  torch  associated 

with  two  slave  torches  for  each  master 

torch . 

Bevel  torch  for  bevel  cutting  of  (K,  V,  Y,  X) . 

Center-punched  marking  equipment. 

Automatic  pierce  rate  control. 

Automatic  start-cut  control. 

Rotating  triple-torch  suspension. 

Height  sensing  control. 

Water  spray  system  for  preventing  heat  torsion. 

Torch  ignitor. 

Others 

The  machine  has  been  utilized  to  fabricate  almost 
all  hull  pieces,  which  are  cut  out  of  raw  plates,  except 
square-shaped  small  pieces  to  be  fabricated  by  shearing. 
After  its  installation  at  Levingston  in  April,  1975,  this, 
machine  has  covered  Levingston 's  needs  with  its  capability 
since  the  work  volume  of  steel  fabrication  at  Levingston 
was  not  too  extensive.  (The  past  record  was  500-metric  tons 
per  month . ) 


IHI  MARINE  TECENOLOGY.  INC. 


1-2 


1.0  The  Usage  of  the  N/C  System  at  Levingston  (continued) 


However,  since  it  is  estimated  that  the  work 
volume  of  Levingston' s  steel  fabrication  shall  be  in¬ 
creased  to  1500-metric  tons  per  month  through  the  con¬ 
struction  of  the  bulkers,  the  work  load  of  the  N/C 
machine  is  expected  to  become  extremely  heavy  to  fab¬ 
ricate  the  pieces  aforementioned.  Therefore  some 
considerations  such  as;  leveling  of  the  work  load, 
rearrangement  of  supporting  area  of  objective  pieces 
and  installation  of  an  additional  machine,  shall  be 

requested  at  this  moment.  In  addition,  an  alternate 
method  of  N/C  burning  machine  to  compensate  the  work 
load  in  the  time  of  "machine-down"  and  "repairing" 
shall  be  recommended  to  be  studied.  jn  reSpect  to  this 
concern,  a  little  deeper  consideration-shall  be  presented 
later. 
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2.0  Characteristics  of  the  Usage  of  the  N/C  System 
at  Levinqston 


In  this  chapter,  a  brief  study  on  the  character¬ 
istics  of  the  usage  of  the  N/C  system  at  Levingston 
shall  be  described  comparing  the  Levingston  system 
with  the  IHI  system. 

2 . 1  Objective  Hull  Pieces  for  the  N/C  Machine 


A  comparison  of  the  subject  title  between  Levingston 
and  IHI-AIOI  Shipyard  which  constructed  the  "Future-32" 
bulkers  can  be  seen  in  Table  1.  The  Levingston  N/C  machine 
has  been  utilized  to  fabricate  most  of  the  hull  pieces. 

On  the  other  hand,  a  quarter  of  all  plates  of  a  "Future-32" 
was  fabricated  by  the  N/C  machine  in  IHI-AIOI  Shipyard. 

In  regard  to  this  concern,  more  detailed  descriptions  will 
follow  as  shown  below: 

1)  Difference  of  the  work  volume  between  Levingston 
and  IHI-AIOI  Shipyard. 

The  past  record  of  steel  fabrication  at  Levingston 
equipped  with  one  (1)  N/C  machine  was  500-M.T.  (metric 
tons)  per  month.  IHI-AIOI  Shipyard  equipped  with  three  (3) 
machines  keeps  6000  -  8000  M.T.  per  month. 

2)  Difference  of  the  philosophy  on  steel  fabrication. 

(2-1)  Levingston  stands  on  the  viewpoint  that  N/C 
burning  is  the  best  way  from  its  high  precision  and  from 
its  capability  of  burning  (2)  to  (3)  plates  at  a  time. 

(2-2)  IHI  stands  on  the  following  viewpoint: 

Though  a  N/C  burning  machine  is  best  for  high  precision 
and  it  has  a  capability  of  burning  (2)  to  (3)  plates  at  a 
time,  preparatory  work  for  this  such  as,  nesting  operation 
by  this  system  takes  man-hours;  nesting  of  twenty  (20) 
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2.1  Objective  Hull  Pieces  for  the  N/C  Machine  (continued) 

pieces  into  a  raw  plate  shall  take  1.5-2  hours,  for 
example:  In  addition,  the  layout  for  a  N/C  machine 

needs  a  Wide  space  in  the  shop,  Therefore,  the  use  of 
the  N/C  burning  machine  had  best  be  limited  to  the  pieces 
requiring  high  precision  and  the  repetitively  cut  plate 
from  the  same  N/C  tape.  In  fact,  IHI's  N/C  machines 
are  being  utilized  for  the  main  structures  at  cargo 
hold  such  as,  web  plates,  floor  plates  and  girders  and 
for  the  curved  shell  plates. 

2 . 3  Plate  Assembly 

For  a  flat  plate  unit  such  as  main  deck,  both 
Levingston  and  IHI  adopt  the  preceding  plate-assembling 
method.  However,  the  sequence  of  it  is  much  different 
from  each  other. 

At  Levingston,  marking  on  each  plate  is  com¬ 
pleted  by  a  N/C  machine  before  layout  of  plates  and  welding, 
On  the  contrary,  at  IHI  each  plate  is  neatly  cut  by  a 
flame  planer  and  welding  of  plates  follows,  Finally, 
marking  on  a  unit  (not  plate)  is  performed  before  putting 
the  internal  structure  such  as  sub-assembled  webs  on  it. 

3)  Difference  of  Mold  Lofting  and  Marking  Equipment. 

IHI  has  been  performing  "1/10  scaled  mold  lofting" 
except  a  few  sull-scaled  loftings  which  are  scaled  up 
from  1/10  output  to  full  scale  and  converting  from  output 
prints  by  the  computer  system  to  steel  tape  templates  for, 
unit  working.  A  large  and  highly  precise  drafting-machine 
and  an  Electro  Photo  Marking  System  made  it  possible, 

"1/10  scaled  mold  lofting"  -  at  IHI. 
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2.1  Objective  Hull  Pieces  for  the  N/C  Machine  (continued) 

An  Electro  Photo  Marking  System  (called  shortly 
(EPM)  was  developed  more  than  10-years  ago  by  marriage 
of  Electronics  and  Optics.  it  can  work  a  raw  plate  in 
eight  (8)  minutes.  It's  principle  is  the  same  as  the 
one  used  by  photographers.  in  EPM  System,  a  film  is  a 
raw  plate  on  which  powders  (called  photoner)  charged 
static  electricity  are  scattered,  and  the  object  is  to 
be  taken  in  photo  and  is  a  nested  original  pattern  in 
1/10  scale.  The  original  pattern  is  expanded  by  a  very 
precise  lense  into  1/1  scale.  The  precision  of  the 
printed  pattern  is  good  enough  for  the  hull  pieces. 

On  the  other  hand,  neither  a  large  drafting  machine 
nor  a  precise  marking  equipment  piece-is  provided  at 
Levingston.  In  addition,  skilled  loftsmen  are  scarce. 

From  these  stated  reasons,  the  N/C  burning  machine  is 
supposed  to  be  very  important  and  very  vital  at  Levingston. 

4)  Re-arrangement  of  supporting  area  of  objective  pieces 
for  the  N/C  machine. 

The  work  load  of  the  N/C  machine  at  Levingston  shall 
become  more  increased  through  the  construction  of  the 
bulkers  as  described  in  the  previous  chapters.  Moreover, 
a  consideration  for  "machine-down"  0f  the  most  vital  machine 
shall  be  urgent;  so  that  Levignston  started  thinking  of 
shifting  a  flat  plate  (square  shaped)  from  the  N/C  machine 
to  the  flame  planer  and/or  hand  cutting.  it  shall  be 
recommended. 
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Table  1  OBJECTIVE  HULL  PIECES  FOR  N/C  MACHINE 


- — . _  Company 

Objective  Pieces 

levingston 

IHI -AIOI  SHIPYARD 
(F-32) 

WEB  PLATE  (HOLD) 

FLOOR  PLATE  (HOLD) 

N/C  BURNING 

MAIN  GIRDER 

117  PLT 

WEB  PLATE  (OTHERS) 

N/C  DRAWING 

FLOOR  PLATE  (OTHERS) 
GIRDER  (OTHERS) 

N/C  BURNING 

1 

ERECTO  MARKING 

BKT 

1 

HAND  CUTTING 

622  PLT* 

CURVED  SHELL 

N/C  BURNING 

240  PLT 

FLAT  SHELL 

FLAT  DECK 

FLAT  WALL 

FLAME  PLANER 

FLAT  BULKHEAD 

606  PLT 

FLAT  BAR 

N/C  DRAWING 

FACE  PLATE 

MATERIAL  CUTTING 

ERECTO  MARKING  *  _ 

Incl 

LIST 

* 

Abov 

HAND  CUTTING 

FLAT  SHAPE 

HAND  MARKING 

1 

HAND  CUTTING 

MATERIAL  CUTTING 

LIST 

P 

CURVED  SHAPE 

HAND  MARKING  1900 

HAND  CUTTING 

COLLAR  PLATE,  ETC. 

SHEARING  OR 

N/C  BURNING  OR 

MAGNET  TRACER  OR 

HAND  CUTTING 

PHOTO  TRACER 

I)  Numbers  of  IHI's  columns  are  the  actual  plate  numbers  of"  Future-32 
constructed  at  IHI  AIOI  Shipyard. 
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2 . 2  Process  Flow  of  N/C  Works  (At  Present) 

A  comparison  of  process  flow  of  N/C  works  between 
Levingston  and  IHI-AIOI  Shipyard  can  be  seen  in  Figure  1. 
This  figure  displays  a  very  simple  flow  from  the  computer 
system  to  the  production  through  the  N/C  burning  machine. 

The  flow  controled  by  SPADES  and  by  IHICS  (these  are 
computer-aided  hull  design  systems  which  have  been  des¬ 
cribed  in  another  report  "Computer-aided  Hull  Design 
System"),  is  almost  the  same  except  for  the  alternate 
method  of  IHI. 

In  this  flow,  a  few  differences  between  Levingston 
and  IHI  can  be  found.  They  are:  the  control  method  of 
N/C  (direct  N.C  at  Levingston  and  off-line  control  at  IHI) 
and  the  marking  method  (center-punched-marking  at  Levingston 
and  line-marking  at  IHI) .  These  are  described  in  the  next 
chapter . 

Drawings  for  checking  purposes  at  Levingston  shall- 
be  improved  if  a  large  drafting  machine  is  provided.  In 
this  respect,  more  detailed  study  has  been  completed  in 
another  report,  "Computer-aided  Hull  Design  System". 
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2 . 3  The  Function  Of  the  N/C  Burning  Machine 


A  comparison  of  the  function  of  the  N/C  burning 
machines  between  Levingston  and  IHI  can  be  seen  in 
Table  2 . 

Levingston  has  one  C-R-0  N/C  3000  System.  The 
five  (5)  shipyards  of  IHI  have  five  kinds  of  N/C  burning 
machines  to  suit  their  fabrication  methods  and  a  kind  of 
N/C  marking  machine.  IHI  has  eleven  (11)  N/C  burning 
machines  and  three  (3)  N/C  marking  machines  in  total. 

In  IHI-AIOI  Shipyard,  three  (3)  N/C  burning  machines 
have  been  provided. 

Only  a  few  differences  can  be  seen  in  the  function 
of  the  N/C  burning  machine  between  Levingston  and  IHI. 

A  brief  explanation  on  this  subject  is  described  as  follows. 

1)  Control  Method  of  N/C 

Levingston' s  control  method  of  N/C  is  DNC  (Direct 
Numerical  Control),  DNC  is  the  system  which  the  host 
computer  controls  directly  the  N/C  machine,  so  that  no 
gunched  paper  tape  is  necessary.  And  DNC  system  shall  be 
more  suitable  for  Levingston,  because  the  host  computer 
is  at  Ashland  Co, ,  in  Kentucky,  very  far  away  from  Orange, 
Texas.  Therefore  it  seems  to  be  impractical  to  get  N/C 
tapes  from  Kentucky. 

IHI's  control  method  is  all  off-line  control.  IHI 
also  planned  to  adopt  DNC  system,  however,  it  did  not 
occur  due  to  the  cost  of  both  initiation  and  running  time. 
Since  IHI  has  five  (5)  computer  centers  near  the  shipyards, 
paper  tapes  or  magnetic  tapes  for  N/C  are  easily  provided. 
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2.3  The  Function  of  the  N/C  Burning  Machine  (continued) 

2)  Bevel  Cutting 

At  Levingston,  bevel  cutting  is  performed  by  the 
following  sequence: 

-  Programmer  defines  a  surface  with  bevel 
cut  by  the  NESTING  Program. 

-  N/C  machine  stops  at  both  ends  of  the 
surface  with  bevel  cut. 

-  N/C  machine  operator  sets  and  reset  the 
bevel  degree  and  location. 

-  Machine  restarts. 

IHI  system  has  several  standardized  bevel  angles 
such  as  15°,  25°,  and  35°.  The  selection  of  bevel  angle 
and  Ignition/Extinguish  are  automatically  performed  by 
the  system  without  stopping  the  machine. 

If  the  bevel  angle  can  be  standardized  at  Levingston 
(even  not,  the  bevel  angles  other  than  standard  are  sup¬ 
posed  to  be  quite  a  few) ,  the  automatic  bevel  cutting 
shall  be  performed  by  additional  feature  to  the  post¬ 
processing  program  for  the  machine. 
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COMPARISON  TABLE  OF  N/C  BURNING  MACHINE  BETWEEN  LSCo  &  IHI 


COMPANY 
ITEMNw  FUNCTION 


INSTALLATION  DATE 


Burning  Machine 


Controller 


KjUilliUH 

laTnVRTnMil 


LEYIN6ST0N 


All  ROUNO 


April,  '75 


CRO  N/C  3000 


tongsberg  CNC  500 


29'-7" 


Ill'-O" 


Gas  Pressure 
Used 


Cutting 


ng 


02:  120  PSI 
Natural  Gas:  15  PSI 


2-50  IPM/15-250IPM 


20.83*/H1n. 


Im 


«  |  Martin 
g  |  Gas  Used 


Bevel 


Nozzle  Tip 


msmi 

Rtmi 


Piercing 


Marking 


Driving  Motor 


Control  Axis 


Natural  Gas 


6(2  Master,  4  Slave) 


I.K.V.X.Y 


towel d  Hade 


Fluidic 


Equipped 


Automatic 


Automatic 


Center-punched 


O.C.  Servo 


X.Y.9 


imTnT-r-«<K7'iiiJMi 

IRmnalSlHHI 


Tape  Format 


Interpolation 


120* 


ESSI 


Linear  and  Circular 


Dial  Set 


§  Reversing 
o  Auxi.  Function 


ALL  ROUND 


SIMPLE 


Oct.,  ’71  Sect.,  '72  I  April,  ’75 


Ike, Japan 


ALL  ROUND  j  ALL  ROUNO  |  MULTI. Ti 


Aug.,  *71 


arMka.toparfanaka.Japankolfc*  .Japan 


ki 


31'-2“  i 

18' -2“ 

16’ -3"  i 

39* -0" 

58‘-6" 

16’-9" 

56*-3" 

74' -8" 

'  74*-8" 

97' -6" 

73* -2" 

ss’-e* 

10  MT 

2  MT 

0.7  MT 

8  MT 

13  MT 

1.5  MT  *3 

0.4-60  1PM  2-51  I  PH 


39*/Hin. 


+  1/64" 


LPS 


0.4-118  IPM 


39*/M1n. 


+  1.5/64"  1/64" 


I.X.V.X.Y  |  I 


IHI  Made  kolke  106PD  I  Tanaka  jTanaka  3155A 


Fluidic  I  Fluidic 


■Equipped 


Fluidic  j  Roller  I  Roller 


Equipped  Equipped 


Automatic  Manual  Automatic  1  Automatic  |  Automatic 


Automatic 


a  1/64" 


1230* 


Dial  Set 


Otal  Set 


36  | 

28 

32  | 

33  j 

I  51  i 

27 

/8"  T  5/8“ 


K  IP/8‘T 


Troubles 

Up-to-date 


1  Daily 
ft  Periodical 

j  - 

i  Repairing 


Number 


Experience 


PLdE'^BO’-O") 


DNC 


51  IPM 

24  IPM 

47  IPM 

20  IPM 

31  IPM 

16  IPM 

31  IPM 

15  IPM 

Humnai 

mrMBI 


PL(12S7*34) 


2 

I  2 

ttlng  Seq. 


i 


2.5  Yrs. 


PL{16'*46'  )|IPL(  12**9* ) 


re  - 
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3.  Some  Recommendations  on  the  Usage  of  the  N/C 
Burning  Machine  from  IHI 


In  this  paragraph,  some  recommendations  on  the 
subject  are  presented.  in  addition,  IHI's  line  mark¬ 
ing  method  and  its  adaptability  to  the  Levingston 
present  system  since  it  seems  to  be  preferable  from 
the  viewpoint  of  workability  by  sub-assembly  and 
assembly . 

3.1  Standardization  of  Bevel  Angle  for  the  Automatical 
Bevel  Cutting 

Though  this  subject  is  concerned  with  not  only 
the  N/C  system,  standardization  of  bevel  angle  has  the 
possibility  for  automatical  cutting  of  bevel  surface, 

Since  automatical  setting  of  optional  bevel  degree  is 
very  difficult,  it  is  true  that  the  angle  has  to  be  set 
by  hand,  However,  if  this  standardization  has  been  com¬ 
pleted,  pretty  part  of  bevel  surface  can  be  cut  auto-, 
matically  by  adding  a  feature  for  that  to  the  postproces¬ 
sing  program  which  is  connected  to  the  output  from  the 
SPADES  system. 

Even  if  the  said  additional  feature  is  not  possible, 
necessary  time  for  setting  bevel  angle  shall  be  much 
saved  by  standardization  of  bevel  angle, 

3.2  Re-Arrangement  of  Supporting  Area  'of  Objective  Pieces 

for  the  N/C  Machine  and  a  Consideration  for  "Machine-down" 


Since  the  work  load  of  N/C  machine  at  Levingston 
is  expected  to  be  increased  as  described  in  Chapter  1 
of  this  paper,  re-arrangement  of  the  subject  shall  be 
urgent . 
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3.2  Re-Arrangement  of  Supporting  Area  of  Objective  Pieces 

for  the  N/C  Machine  and  a  Consideration  for  "Machine-down" 
(continued) 

From  the  viewpoint  of  the  workmanship  at  Levingston 
it  is  recommendable  to  cut  hull  pieces  by  N/C  machine 
as  far  as  possible.  However,  in  case  of  over  work  load 
at  N/C  machine,  it  is  recommendable  that  a  flat  plate 
such  as  main  deck  plate  is  shifted  from  the  N/C  machine 
to  the  flame  planer.  In  addition,  the  scaled  mold  lofting 
(1/10  or  1/12)  is  recommendable  to  be  established  with 
the  aid  of  a  large  drafting  machine;  because  making  tem¬ 
plates  in  full  scale  from  the  scaled  drawing  (1/10  or  1/12) 
is  possible  when  "machine-down"  of  N/C  continues  for  awhile 
In  this  concern,  more  detailed  description  has  been  pre¬ 
sented  in  another  report  "Computer-aided  Hull  Design  System 
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4.0  Line  Marking  Method  of  IHI  System  (For  Reference) 

Levingston's  N/C  system  adopts  center-punched 
marking  system.  This  system  can  work  (punch)  points 
with  several  variations  of  intervals  between  them. 

From  the  viewpoint  of  workability  at  sub-assembly  and 
assembly,  this  marking  system  shall  not  be  so  easy 
for  production  people  to  fit  pieces  on  the  marked 
(dotted)  line.  In  fact,  production  people  are  seen 
marking  a  continuous  straight  line  by  stretching  a 
thread.  In  this  concern,  it  seems  to  be  interesting 
to  introduce  IHI's  line  marking  method  for  reference. 

There  exists  two  (2>  kinds  of  line  marking  methods 
in  IHI's  system.  One  is  to  burn  zinc  powder  by  a  work¬ 
ing  torch  to  a  steel  plate.  Another-is  to  burn  plastic 
powder.  The  clear  continuous  lines'  (1/16"  in  boldness) 
can  be  marked  with  a  speed  of  about  40'  per  minute. 
Comparing  with  the  center-punched  marking,  it-might  have 
a  demerit  to  be  faded  away  during  the  fabrication  pro1 
cess.  However,  no  particular  consideration  is  requested 
at  IHI.  More  detailed  information  on  this  marking  system 
-is  presented  in  the  following  table. 
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LINE  MARKING  DEVICE  IN  IHI  SYSTEM 


ZINC  POWDER 

PLASTIC  POWDER 

Price  of 

One  Device 
(Price  in  Japan) 

400,000  Yen 
($2,000) 

800,000  Yen 
($4,000) 

Running  Cost 

Powder 

3  Yen  per  3' -3"  of 
Marking 

Powder 

3  Yen  per  3' -3"  of 
Marking 

Nozzle  Tip  (per  one) 
25,000  Yen 
($125) 

Nozzle  Tip  (per  one) 
25,000  Yen 
($125) 

Maintainability 

Easy 

Very  Complex 

Adaptability  to  Levingston's  System 

Some  additional  work  shall  be  requested  for  adoption  of 
the  equipment  to  the  present  Levingston  machine  as  follows: 

1)  Fuel  gas,  oxygen,  Water  and  air  must  be  supplied  for 
the  working  torch. 

2)  Postprocessing  program  must  have  a  signal  of  marking 
ON/OFF.  This  function  is  supposed  to  be  satisfactory  in  the 
present  program. 
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EPILOG: 

This  report  was  made  through  the  investigation 
and  discussions  with  Levingston's  personnel  by 
IHI.  IHI  hopes  that  Levingston  continues  a 
study  on  the  subject  matter  for  the  future 
betterment  along  with  the  recommendations  des¬ 
cribed  in  this  paper  from  IHI. 


APPENDIX  J 

LSCO  STUDY  AND  COMPARISON  OF  SPADES  VS.  IHI  SYSTEM 


LEVINGSTON  SHIPBUILDING  COMPANY 


Technology  Transfer  Program 


TASK  2  Engineering  and  Design 


Sub  Task  2.1  Computer-Aided  Design  Systems 


STUDY  AND  COMPARISON  OF  SPADES  VS.  IHI  SYSTEM 


E.  E.  MAYER 


4/25/79 


INTRODUCTION 


In  an  overall  comparison  of  the  SPADES  system  and  the  IHI  system 
for  computer-aided  design,  the  SPADES  system  comes  in  second  only 
due  to  the  quanity  of  programs  that  compose  the  entire  IHI  N/C 
system. 

Considering  production  aids,  the  SPADES  system  is  equal  to  the  IHI 
system,  and  becuase  of  ease  in  user  coding,  the  SPADES  N/C  produc¬ 
tion  oriented  system  is  considered  the  better  of  the  two. 


Definitions  : 

S.P.A.D.E.S.  -  Ship  Production  and  Design  Engineering  Systems 
I.H.I.C.S.  -  Integrated  Hull  Information  Control  Systems 

Appendices: 

Appendix  1  -  Spade  System  Ship  Production  &  Control  Module 
Cali  &  Associates  Inc. 

Appendix  2  -  Spades  System  -  Engineering  Detailing  Module 
Cali  &  Associates  Inc. 


COMPARISON  ANALYSIS 


1) 


2) 


3) 


4) 


Comparison  Table 


APPLICATION 

SPADES 

IHICS 

Hull  definition 
and  data  base 
creation 

*Lines  fairing 

*Hulload 

*Lines  fairing 

*  Shell  landing 

*Demo 

*3-D  process 

*Section  design  sub-system 

Production 

Lofting 

*Parts  generation 

*Parts  separation 

*  Plate  development 

^Nesting 

Production  Engineering  sub¬ 
system  consisting  of: 

*"Line"  system  for  nesting 
w/manual  and  interactive 
graphics  by  "cards". 

*Part  generation 

Ships  produc¬ 
tion  and  con¬ 
trol  programs 

*SPAC  (Ship  Production  and 
Control  ) 

*Part  data  base  administrative 
program 

*  Piece  data  assortment  program 

Production  and 
Lofting  assis¬ 
tance  programs 

Mfg.  aids  module  for: 

*Frame  bend  offsets 

*2  dimensional  pin  heights 

"LODACS"  system  for: 

*3  dimensional  frame  bending 
(offset  info  only  for  twist- 

*  Girth  length  table 

*Rol  1  set  templates 

*Mel  d  loft  offsets 

*Mold  loft  offsets  (from  data 
creation  sub-system) 

*Part  data  base  administrative 
program  and  shell  program 
produce  templates  for  shell 
plate  bending  and  pin  jig 
heights 

APPLICATION 


SPADES 


IHICS 


Design  engin¬ 
eering  and  hull 

Hull  calls  for: 

Specs  for: 

calculation 

programs 

*Bonjean  curves 

*Bonjean  Curves 
*  Hydrostatics 

*Hydrostatics 

^Longitudinal  strength 

*Longitudnal  strength 

*Tank  capacities  w/sounding 
and  ullage 

*Trim  calculations 

*Tank  capacity  and  sound¬ 

*  Dam  age  stability 

ing  and  ullage 

^Launching  calculations 
*  Grain  heeling  moment 

*Trim  calculations 

^Damage  stability 

*End  launching 

*Sea  trial  data 

Programs  that  IHICS  has  that  SPADES  does  not  have  are  "z  VIBRA"  for 
vibrational  analysis  and  "Z  PLATE”  for  structural  analysis.  These, 
or  similar,  programs  are  available  to  LSCo  from  their  sources. 


Explanation  Of  Comparison  Table 


(1)  The  Hull  Definition  modules  compare  equally  since  the  end  product 

or  output  comparisons  bear  close  resemblance.  Both  FAIRING  mod¬ 
ules  have  excellent  splines  and  produce  very  fair  lines.  How¬ 
ever,  the  SPADES  system  utilizes  more  control  line  output  for 
assistance  in  development  of  other  moduies.  Also,  skewed  planes 
may  be  generated  for  cant  framing  and  additional  frames  may  be 
loaded  for  shell  master  butts. 

The  HULLO  AD  program  is  the  SPADES  module  that  defines  shell  land¬ 
ings  of  stiffeners,  seams,  decks,  longitudinal  bulkheads.  HULLOAD 
also  defines  stiffeners  and  seams  on  decks,  flats,  and  longitudinal 
bulkheads. 

IHI  generates  this  information  with  its  I.H.I.C.S.  shell  and  panel 
landing  modules,  which  along  with-the  line  module,  comprise  the 
data  base.  Without  actual  coding  examples  of  the  IHI  system,  a 
true  detailed  comparison  is  not  possible.  However,  based  on 
other  available  examples,  coding  the  SPADES  system  in  less  diffi¬ 
cult  than  coding  the  IHI  system. 

DEMO  (Detail  Engineering  Module)  and  IHI's  I.H.I.C.S.  production 
engineering  system  (Integrated  Hull  Information  Control  System) 
both  provide  for  the  loading  of  structural  details  into  the  data 
base.  The  SPADES  DEMO  module  (see  enclosure)  is  a  powerful  tool 
which  enhances  the  HULLOAD  program  and  allows  for  structure  defin¬ 
ition  loading  in  all  planes  including  transverse  and  skewed. 

DEMO  also  places  the  emphasis  of  part  definition  within  the  engin¬ 
eering  group  and  consequently  allows  part  generation  personnel  to 
concentrate  on  parts  separation. 

The  DEMO  module  can  also  provide  drawings  that  are  suitable 
for  issue  with  hand  finishing  done  by  a  drafter.  The  IHI  system 
is  capable  of  performing  an  equal  task,  but  an  accurate  definition 
of  how,  when,  and  which  module  performs  this  function  is  not 
explicit  in  the  description  material  IHI  has  provided. 

(2)  The  PRODUCTION  and  LOFTING  N/C  modules,  when  compared  based  on 

available  I.H.I.C.S.  input  information,  shows  the  SPADES  produc¬ 
tion  module  to  have  an  easier  input  format  and  to  be  almost  equal 
in  output  information.  (See  appendices  No.  1  and  No.  2) 

Parts  generation,  plate  development  and  other  similar  modules 
compare  as  to  the  assistance  offered  to  production.  However, 
the  IHI  group  -utilizes  more  output  information  than  the  LSCo 
group  needs  at  present. 

The  nesting  modules  offer  no  real  comparison,  as  the  SPADES  system 
is  totally  interfaced  with  the  data  base  and  the  IHI  system  uses 
a  manual  input  of  parts  information  to  generate  marking  and  burn¬ 
ing  tapes.  Both  systems  have  an  interactive  graphics  capability 
in  the  nesting  cycle. 


)  The  ships  production  and  control  modules  are  difficult  to  compare, 
as  the  IHI  N/C  system  performs  such  tasks  under  different  modules. 
However,  the  overall  output  far  exceeds  what  Levingston  or  SPADES 
can  generate.  IHI  adheres  to  the  policy  that  Production  Control 
and  Planning  system  utilizes  every  means  necessary  to  achieve 
and  maintain  total  control.  From  the  data  submitted,  it  is  con¬ 
cluded  that  data  input  is  mainly  performed  manually  using  output 
information  found  in  the  data  base. 

IHI  produces  a  cutting  list,  parts  list,  and  piece  drawing  for 
every  item  on  a  ship  whether  processed  by  numerical  control  or 
manually  . 

The  SPADES  SPAC  module  (Ships  Production  and  Control)  has  not  been 
used  nearly  as  extensively  as  the  corresponding  IHI  modules.  SPAC 
is  a  new  module  in  use  at  this  time  only  at  National  Steel  and 
Shipbuilding  Company  and  by  Cali  and  Associates.  The  SPADES  SPAC 
system  utilizes  the  full  data  base  for  reporting  and  its  limita¬ 
tions  are  set  only  by  user  option.  This  module  provides  a  large 
growth  potential. 

)  In  the  area  of  Production  and  Lofting  assistance,  the  IHI  and 
SPADES  systems  are  almost  completely  equal.  Each  offers  the  roll 
set  templates,  frame  bending,  pin  jig  heights,  girth  length  tables, 
and  mold  loft  offset  talbes  necessary  in  N/C  shipbuilding. 

The  SPADES  system  module  manufacturing  aids  interfaces  the  data 
base  from  which  it  pulls  the  output  information  requested,  IHI 
use  different  sub-systems  to  gather  required  information  and  not 
all  of  them  actually  access  the  data  base  for  data  generation.  In 
fact,  the  three-dimensional  frame  bending  module,  called  LODACS, 
uses  offset  information  from  Fairland  and  other  modules  for  input 
into  the  LODACS  module  which  is  a  stand-alone  module.  The  output 
information  generated  by  LODACS  for  frame  bending  and  end  cuts  is 
of  exceptional  quality. 

5)  The  Design  Engineering  and  Hull  calculation  programs  of  the 
IHI  system  is  superior  to  the  SPADES  system  in  breadth  and  com¬ 
pleteness,  especially  as  applied  by  IHI.  SPADES  Hullcal  does  have 
the  advantage  of  direct  access  to  the  data  base,  which  simplifies 
coding  .  The  IHI  SPECS  (Ships  Preliminary  and  Exact  Calculations 
System)  requires  manual  preparation  of  input  as  it  is  a  stand¬ 
alone  module. 

The  SPADES  output  format  is  now  out-dated  and  the  Levingston  Design 
Department  has  chosen  to  use  SHGP  (Ship  Hull  Characteristics  Program). 
However,  with  a  soon  to  be  implemented  Fortran  subroutine,  the 
Hullcal  output  should  be  more  acceptable  to  regulatory  bodies  re¬ 
quirements  and  needs.  IHI  SPECS  is  a  complete  hull  calculation 
system  even  including  calculation  of  ship  sea  trial  criteria. 


6)  IHFs  structural  analysis  and  vibrational  analysis  programs 
Z  Plate  and  Z  Vibra,  are  stand-alone  modules  similar  to  several 
programs  used  by  Levingston  but  produced  by  other  companies. 

The  programs  are  not  comparable  to  a  SPADES  module  as  SPADES 
is  not  intended  to  be  involved  with  Desing  Engineering  analysis. 


CONCLUSIONS 

In  summary,  the  IHI  N/C  system  and  the  SPADES  N/C  system  are 
both  very  good.  The  IHI  system  is  fully  utilized  to  the  best 
advantage  of  the  IHI  shipbuilding  complex  while  the  SPADES 
N/C  system  utilization  at  Levingston  is  limited  by  a  lack  of 
implementation  and  facilities. 

The  comparison  of  those  N/C  modules  that  actually  duplicate 
the  old  style  lofting  and  template  making  methods  would  actu¬ 
ally  give  SPADES  the  advantage  as  the  input  coding  of  SPADES 
is  much  easier.  Also,  SPADES  fully  utilizes  the  data  base 
set  up  with  the  Fairing  and  Hulload  modules. 

Implementation  of  the  IHI  system  at  Levingston  is  not  necess¬ 
ary  because  the  SPADES  system  currently  utilized  is  more  than 
adequate  for  present  and  future  needs.  All  SPADES  modules  access 
the  data  base  for  ease  in  generating  input  data. 

Overall,  both  systems  serve  the  intended  functions.  IHI  util¬ 
izes  Computer-aided  Design  and  N/C  to  their  maximum  capabili¬ 
ties  which  is  one  reason  they  are  one  of  the  world’s  foremost 
shipbuilders. 
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Development  and  Marketing  of  the  “SPADES'  and  'SLAM*  N/C  Systems 


INTRODUCTION 


The  use  of  extensive  modular  construction  in  shipbuilding,  combined  with 
the  increased  use  of  Numerical  Control,  has  greatly  improved  in  the  last 
decade  the  efficiency  of  the  industry. 

In  order  to  properly  utilize  these  techniques,  it  was  immediately  apparent, 
however,  that  more  and  better  planning  was  necessary. 

The  planning  effort,  per  se,  is  neither  too  difficult  nor  too  costly.  The  col¬ 
lection  and  updating  of  the  data  needed  to  generate  the  required  reports  is 
both  difficult  and  costly,  in  order  to  obtain  a  reasonable  degree  of  accuracy, 

The  The  'ship  Production  and  Control  (SPAC)  Module'  of  the  'SPADES'  System 
is  designed  to  achieve  in  this  area  the  following  goals: 

1.  Reduce  man-hours  for  data  collection. 

2.  Improve  the  accuracy  and  timeliness  of  the  reports. 

3.  Reduce  ship  construction  costs  by  reducing  errors  and  misinforma¬ 
tion  in  the  shops, 

The  'SPACE'  Module  covers  at  the  present  only  the  hull  construction.  It  is  in- 
tended-t,  in  parallel  with  the  development  of  modules  to  handle  the  design 
and  production  of  other  ships’  systems,  the  'SPAC'  Module  will  be  expanded 
accordingly. 
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DESIGN  CRITERIA  OF  THE  SPAC'  MODULE 


Since  the  'SPAC'  Module  properly  falls  in  the  category  of  management  in  for¬ 
mation  systems,  the  basic  criteria  applicable  to  this  type  of  system  must  be 
respected  as  follows: 

1.  The  module  must  allow  the  collection  of  independent  data  at  the  origi¬ 
nation  source  and  make  it  immediately  available  to  all  interested 
shipyard  functions. 

As  an  example,  for  instance,  assembly  boundaries  and  schedule  starts 
can  be  inputted  directly  to  the  system  and  the  'master  erection  sche¬ 
dule'  report  generated  immediately  after  for  dissemination. 

2  .  All  applicable  data  generated  by  other  modules  of  'SPADES'  must  be 
collected  and  used  by  the  'SPAC'  Module  without  any  user  interven¬ 
tion, 

This  feature  is  the  main  justification  for  the  development  of  the  mod¬ 
ule,  and  the  following  is  a  partial  list  of  examples: 

.Allocation  to  the  proper  assembly  and  sub-assembly  of  all 
pieces  generated  through  use  of  'PARTGEN',  'PARTSEP' 
'PLATDV'  or  'MANF  AID  (frame  bending). 

^Processing  time  for  N/C  burning  tapes  and  flame  planer 
sketches. 

.Unit  weight  of  individual  pieces  and  weight  and  centers  of 
gravity  of  assemblies  and  sub-assemblies. 

*Length  and  nesting  within  standard  lengths  of  shapes  of  the 
various  individual  shape  pieces. 

•  Cross  reference  between  assemblies  due  to  the  nesting  into  a 
plate  of  pieces  belonging  to  different  assemblies. 

u  Bulk  material  allocation  for  pieces  produced  through  shearing 
or  'one-to-one'  optical  burning. 
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3.  Revsion  control  is  maintained  by  the  system  for  all  the  issued  re¬ 
ports  generated. 

A  summary  report  can  also  be  generated,  showing  at  any  one  point 
in  time  the  current  valid  revisions  of  all  the  issued  reports. 

4.  Any  change  of  the  independent  data  or  other  data  used  by  the  system 
must  generate  an  exception  report  indicating  which  of  the  reports 
are  affected  by  the  change,  so  that  the  user  can  initiate  the  proper 
request. 

For  example,  if  planuing  changes  require  different  boundaries  for 
any  one  assembly,  the  module  must  automatically  update  the  allo¬ 
cation  of  all  pieces  effected  by  the  change  of  boundaries,  and  give 
a  report  indicating  which  reports  must  be  requested  for  re-issue. 

5.  Exception  reports  can  be  generated  to  indcate  to  the  uaser  at  any 
point  in  time  which  pieces  for  any  one  particular  drawinghavenot 
as  yet  been  defined,  or  any  material  deficiencies. 

6.  The  system  must  allow  the  introduction  of  data  at  levels  other  than 
the  optimum,  to  override  or  enrich  the  data  base,  in  order  to  be 
able  to  generate  complete  reports  at  anytime. 


The  Appendix  contains  the  basic  data  flow  for  the  module,  a  brief  description 
of  the  input  needed,  and  some  examples  of  the  reports  generated  by  the  sys¬ 
tem.  The  examples  of  the  reports  are  simulated  in  this  preliminary  descrip¬ 
tion,  and  they  will  be  changed  as  the  development  of  the  module  proceeds. 


CONCLUSION 


The  purpose  of  this  preliminary  description  is  to  disseminate  among  all 
potential  users  the  features  and  the  capabilities  of  the  module  as  they  are 
conceived  by  Cali  &Associates,.  Inc. 

It  is  hoped  that  a  review  by  the  shipyards  will  provide  us  with  the  very 
much  needed  input  and  comments  for  incorporation  during  the  develop¬ 
ment.  Specific  comments  regarding  the  size  and  format  of  the  data  used 
by  each  shipyard  as  it  is  applicable  to  this  module  will  be  very  helpful  in 
avoiding  future  incompatibilities  and/or  restrictions. 
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TYPES  OF  INPUT  &  RESPONSIBILITY  FOR 


THEIR  PREPARATION  BY  SHIP  YARD  FUNCTION 


1.  Production  Planning 

a)  Limiting  boundaries  of  planned  assemblies  (units)  and  sub-assembly 
breakdown,  if  any.  The  system  will  always  assume  that  ship's  sur¬ 
face,  such  as  deck,  webs  or  shell  will  constitute  a  sub-assembly, 

b)  Planned  start  date  for  processing  each  assembly. 


2.  Steel  Control 


a)  Final  steel  bill.  This  is  intended  to  mean  the  steel  take-off  bill  as 
modified  for  utilization  of  stock  and/or  standardization  of  plate  size, 
The  various  items  in  the  various  steel  bills  will  carry  a  unique  stock 
number  compatible  with  the  shipyard  system. 

b)  Storage  location  of  various  items  in  the  steel  bill  will  be  given  to  the 
system  upon  receipt  of  the  steel. 


3.  Engineering 

a)  Loading  of  the  data  base.  Through  the  detail  engineering  module,  the 
data  baseloading  capabilities  will  be  expanded,  allowing  at  the  same 
time  the  easy  generation  of  detail  drawings,  As  part  of  this  activity, 
engineering  will  also  update,  as  needed,  database  libraries  of  stan¬ 
dards  (brackets,  chocks,  etc.),  shapes,  characteristics,  and  associ¬ 
ated  cut-outs. 

b)  Drawing  list  and  associated  range  of  pc.  mks.  used  in  each  drawing. 
This  will  allow  the  system  to  generate  exception  reports  calling  at¬ 
tention  to  pieces  not  generated  at  any  one  point  in  time; 


4.  Mold  Loft 


a)  Through  the  use  of  PARTGEN',  PARTSEP'  and  PLATDV',  the  loft 
will  enable  the  system  to  allocate  the  pieces  thusly  generated  to  the 
various  assemblies  and  sub-assemblies.  Provision  will  be  made  for 
identifying  drawings,  pc.  mk.  and  beveling  detail,  and  also  applica¬ 
bility  of  a  part  to  another  area  of  the  ship. 
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b)  Through  the  use  of  'MANF  AID’  (frame  bending),  all  shapes,  whether 
straight  or  curved,  will  be  identified  and  allocated  to  the  proper  as¬ 
sembly,  The  Frame  Bending  Program  will  be  modified  to  easily  do 
that  for  all  flat  surfaces. 

c)  Through  the  use  of  the  Ship  Production  and  Control  (SPAC)  Module, 
the  loft  will  input  to  the  System  all  the  miscellaneous  pieces  not 
otherwise  identified. 
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SHIPYARD  NAME 
EXACTOGRAPH  SKETCH 

SHIP  _  HULL  NO.  _ 

JOB  ORDER  NO.  - 

ASSEMBLY - 

SUB  ASSEMBLY - 

DWG.  NO.  _ PC.  NO.  - DET  NO.  _ 

PLATE  S  l—Z-E- -  QTY  REQD. 

PLATE  STOCK  NO.  _ 
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OBJECTIVES 


The  main  purpose  of  this  module  is  utilize  the  time  and  effort  spent  during, 
the  detail  design  phase  for  numerical  description  of  the  ship  structure.  During 
this  phase,  all.  structural  details  are  defined,  and  if  these  definitions  can  be  re¬ 
corded  on  the  database,  interpretation  of  the  drawing  and  the  possibility  of 
errors  downstreams  during  part  generation  can  be  greatly  reduced,  Greatly 
expanded  database  loading  loading  capabilities  will  provide  information  over  and  above 
the  geometrical  part  generation  requirements  which  can  be  used  by  the  planning 
and  control  module  or  other  ship's  systems. 

As  the  volume  of  information,  the  database  increases  and  the  base  be¬ 
comes  more  comprehensive  verification  of  loaded  data  becomes  more  and  more 
difficult.  'The  quickest  way  of  verificationi  by  drawing.  Therefore,  a  simple 
and  easyway  of  accessing  the  data  base  with  a  few  commasds  is  needed  to  auto¬ 
matically  output  all  loaded  data  of  a  particular  surface  in  to  a  composite  drawing, 

If  this  drawing  capability  is  achieved;  only  a  few  options  are  needed  to  extract 
partial  drawings  for  all  kinds  of  purposes.  Structural  drawings  can  be  complete, 
with  the  exception  of  lettering  and  dimensioning.  Background  drawings  for  ar¬ 
rangements  and  composites  can  be  produced  with  just  a  few  commands. 
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PREREQUISITES 


In  order  to  make  this  module  an  officient  tool  for  detailing,  the  loading  capa¬ 
bilities  of  the  data  base  will  be  expanded.  The  'H'JLLOAD'  Module  will  be 
capable  of  loading  traces  and  details  in  transverse,  plan  and  elevation  views. 
Additional  information  on  all  surfaces  will  include: 

a)  Stiffeners  and  their  end  connections 

b)  Seams  and  plate  thickness  associated 

c)  Brackets  and  chocks 

d)  All  access  holes,  including  face  bars 

e)  Inside  contours,  as  defined  by  web  frames. 

All  through  members  affecting  other  surfaces  must  be  handled  by  'HUILOAD' 
Local  details  will  be  defined  by  'DEMO'. 


-2- 


OPERATING  PROCEDURE 


Although  the  module’s  primary  task  is  to  aid  in  loading  the  data  base,  direct 
loading  capability  is  not  conceived.  The  actual  loading  of  the  data  base  is  re¬ 
served  for  the  group  of  people  responsible  for  loading  the  data  base  through 
'HULLOAD'.  This  is  to  preserve  the  integrity  of  the  data  base  by  concentra¬ 
ting  the  rersponsibility  onto  one  person,  or  one  group  of  people.  However,  to 
avoid  having  the  'HULLOAD'  people  recode  all  the  definitions  Module 
'HULLOAD'  will  have  the  capability  of  executing  the  same  input  deck,  ignoring 
irrelevent  commonds,  but  executing  and  loading  the  detail  specifications, 

The  application  of  the  module  within  the  ship  design  effort  is  seen  as  follows: 

1.  Fairing  and  loading  of  the  major  structure  through  'HULLOAD' 

2 .  Extract  a  drawing  of  the  surface  containing  outlines  and  through 
members  through  'DEMO'. 

3.  Load  repetitive  patterns  of  stiffeners  and  seams  through  'HULLOAD', 

4.  Extract  a  new  drawing  through  'DEMO’  containing  all  loaded  details. 

5.  With  ‘DEMO’,  add  and  modify  details  of  stiffeners,  seams,  holes 
and-brackets,  resulting  in: 

•  new  drawing,  complete  with  the  exception  of  lettering  and 
dimensioning 

•  An  input  deck  defining  the  details  executable  by  'HULLOAD' 

•  An  entry  in  a  data  base  record  which  contains  all  input  decks  - 
that  are  generated  by  'DEMO'  and  must  be  executed  by 
HULLOAD' 

6.  When  the  design  is  completed,  control  is  transferred  to  'HULLOAD' 
The  input  deck  is  executed,  loading  the  details.  The  entry  of  the 
final  step  above  is  deleted. 

7.  Revisions: 

a)  If  the  drawing  is  not  released  as  yet,  the  revision  may  be  added 
to  the  'DEMO'  input  deck  executing  '5'  and  '6' 

b)  if  the  drawing  is  released  and  lettering  and  dimensioning  has  been 
added,  revisions  are  effected  through  'HULLOAD'  only, 

8.  After  the  structural  details  have  been  loaded,  drawings  for  other  dis¬ 
ciplines  such  as  arrangements  and  composites  may  be  called. 
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INFORMATION  DEFINED  BY  ‘DEMO’ 


Only  local  details  are  defined  through  ‘DEMO’.  Details  are  defined  as  follows  : 

i,  Stiffeners:  Symbolic  name  s  ABC  P/S 

Contour  definition 

Shape  code  number 

Orientation  (near  side  or  far  side) 

End  connections  (lap,  snipes,  knuckles). 

2.  Seams:  Symbolic  name  J  ABC  P/S 

Contour  definition 

Welding  detail  (bevel  and  gap) 

Thickness  on  both  sides. 

3.  Holes  :  Symbolic  name  H  123  P/S 

Contour  definition 

Thickness,  width  and  offset  of  face  bar.. 

4.  Brackets:  Symbolic  name  B  123  P/S 

Contour  definition  or  standard  detail  identification 
Thickness 

Width  and  thickness  of  flange. 

5.  Inner  Lines:  Accessible  only  as  a  contour 

Identified  by  TNNL' 

Contour  definition 

Width  and  thickness  of  face  bar. 
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PROGRAM  CAPABILITIES 


Options  with  automatic  drawing  of  data  base  contents: 


4)  Scales 
b)  Windowing 

c  )  with  or  without  shapes  ('T'  'L'  etc.) 

d)  With  or  without  cut-outs  and  snipes 

e)  With  or  without  stiffeners  and  seams  on  the  surface 

f )  Include  background  frame  or  deck 

g)  Pen  selection  for  turret  machines 

h)  Line  selections  of  different  types  of  dashed  lines. 

2  .  Automatically  included  as  drawing  standard: 

a)  A  standard  grid  surrounding  the  entire  drawing 

b)  Center  line  and/or  base  line,  if  part  of  the  drawing. 

3.  Programming  capabilities  and  language  ‘as  close  to  'PARTGEN'  as  pas¬ 
sible,  so  that  people  programming  'PARTGEN'  and  'DEMO'  are  inter¬ 
changeable.  All  'PARTGEN'  tools  such  as  Math,  Contours,  Symbolic 
Calls,  Loops  and  Reps  will  be  available. 

4.  Added  Commands  for  detail  definition: 

a  )  S  T  I  F 

b )  SEAM 

C)  HOLD 

d)  BRKT 

e)  INNL 

5.  Looping  capability: 

programming  of  similar  surfaces  by  modification  to  typicalcsurface  such 
that  only  changes  have  to  be  redefined. 
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EXAMPLES 


!  .  Floors  46  through  53  are  similar,  with  the  exception  of  the  location  of 
the  holes.  The  sample  input  deck  draws  two  floors  as  typical  configu¬ 
rations  and  loads  all  other  floors  by  continuously  modifying  the  location 
of  the  holes- 

2.  Bulkhead  31  is  preloadcd  by  'HULLOAD'  with  most  ‘of  the  vertical  stif¬ 
feners. 

Stiffeners  T9,  TIO  and  Til  are  modified  by  'DEMO'.  Access  door  and' 
seams  are  added. 

3.  Web  frames  49  through  52  involved  quite  extensive  calculations  and  de¬ 
velopments  showing  the  method  of  programming  details. 


-7- 


EXAMPLE  1 


:  INPUT  DECK  TO  DRAW  CONTENTS  OF  I  HE  DATA  BASE 

WEB  FRAMES  46,  50.  52  7  ” 
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129003067 

. 

L 

LB6 

s 

49 

M 

s 

49 

12900306b 

. 

D 

RDK 

IS 

24 

D 

2ND 

s 

2B 

70 

129003068 

rv 

w 

fc  **  W 

t  e 
x  w 

n  A 

L  « 

n 

u 

l.  *7  tr 
w  «  r 

c 

VI 

a 

** 

4  f  r. 

XQ'?UV*'?UOQ 

. 

L 

LB6 

s 

47 

R 

s 

47 

71 

129003069 

D 

2ND 

IS 

2  A 

D 

67F 

F 

2  A 

129003070 

L 

L66 

s 

46 

fc 

5 

46 

72 

129003070 

D 

2ND 

IS 

2A 

D 

67F 

S 

2A 

129003070 

* 

L 

LBB 

S 

45 

R 

s 

45 

73 

129003071 

PNCH3 

D 

KDK 

IS 

23A 

F 

6b 

129003071 

STIF 

502NSIDLAPCSNPE 

7 

s 

W77 

129003072 

PNCH3 

• 

D 

HDK 

IS 

24  B~ 

P 

67 

t  PQnn 

STIF 

5 0 2NS I DL A PC SrcPE 

7 

s 

W78 

•  129003072 

PNCH3 

D 

MDK 

IS 

24 

P 

66 

129003073 

STIF 

502NSIDLAPCSNPE 

• 

7 

s 

&79 

129003073 

DNCH3 

P 

66 

• 

P 

69 

129003074 

STIF 

502NSIDSNPESNPE 

7 

7 

s 

N60 

129003074 

ONCH3 

P 

b9 

.  P 

70 

*  129003074 

STIF 

502NSIDSNPESNPE 

7 

7 

s 

W81 

129003u  7 5 

PNCH 

P 

70 

D 

2ND 

s 

2B 

129003075 

STIF 

502NSIDSNPESNPE 

7 

7 

s 

ft’82 

129003070 

PNCH3 

0 

2ND 

IS 

2A 

P 

71 

129003076 

STIF 

502NS1DLAPCSNPE 

7 

s 

Vi  8  3 

129003076 

PNCH3 

P 

71 

P 

72 

129003077 

STIF 

S02NSIDSNPESWEP 

7 

7 

s 

N84 

129003077 

PNCH3 

P 

72 

P 

73 

129003076 

STIF 

502NSIDSNPESNPE 

7  • 

7 

s 

K85 

12900307b 

PNCH3 

P 

73 

*  D 

67F 

s 

2A 

129003078 

STIF 

502NSID  SNPESNPE 

• 

7 

7 

s 

K66 

129003079 

LOAD  hKAMtS  51 

AND  5  0 

* 

* 

_oad 

F  51. 

F  50. 

1. 

129003060 

INPE 

129003060 
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HULLOAD  INPUT  REQUIRED  TO  LOAD 
STIFFENERS  ‘TO  DATA  BASE 
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EX  AMPLE  1  :  INPUT  Df-CK  TO  DEFINE  A  N  D  LOAD _ 

VERTICAL  STIFFENERS  CN  BULKHEAD  31. 


* JOB  LNG  HULDDISK  N  3001 
INPS  1  bTH  N  3001 
•TRAC  TBHO  T  31. 

TOLR  100  100 


STIF  NAME 

S  T 1 

S 

T2 

S 

T3 

S 

74 

r 

S  T5 

S 

T  6 

S 

77 

S 

T  8 

S  79- 

S 

T 1  0 

s 

Til 

S 

712 

* 

S  T 1 3 

. 

S 

T1H 

s 

T 15 

s 

71b 

* 

S  T 17 

S 

T18 

s 

719 

s 

T20 

•REFR 

L  CLB 

Y 

P 

ORG 

'CNCT2EQSP 

M 

Y 

20500 

D 

67F 

:REPT 

M 

.  Y 

s 

1 

D 

b7F 

CNCT2 

M 

~  Y 

s 

7 

D 

67F 

2EQSP 

M 

Y 

-20500 

D 

67F 

•REFR 

M 

Y 

s 

7 

* 

CNCT2E0SP 

M 

Y 

20500 

D 

MDK 

REPT 

M 

D 

MOK  * 

Y  S 

10 

. 

M 

D 

KDK 

Y  S 

14 

D  MDK 

Y 

p 

END 

- 

17300100 
17300100 
' 173001 00 
17300100 
-  17300100 
17300100. 
173001 00i 
17300100; 
17300100: 
17300100: 
17300100* 
173001 00‘ 
17300100* 
173001 00^ 
17300100 l. 
173001001 
173001001 
17300100: 
17300100: 
17300199c 


INPE 


******  fxamplE  2  :  I NPU T_D_g_CK JLQ_Cj£F j Ng  and_jlOAD _ 

- -  VERTICAL  STIFFENERS  ON  TRANSVERSE  FLOORS 

At  FRAME5  46  THROUGH  52. 


*  JOB 

LNG  HULDOISK 

N 

3002 

INPS 

16TH 

N 

3002 

. 

LOOP 

N 

1 

N 

460000 

TRAC 

TBHO 

T 

R  1 

STIF 

NAME  *• 

S 

M 

S 

W2 

S 

W5 . 

s 

W6  .  . 

S 

K9 

s 

■A  10 

CNCT 

M 

s 

2 

•  REPT 

M 

s 

14 

ENDL 

N 

.  1 

INPE 

^  «■ 

m9  9  M  , 

N 

520000 

N 

10000 

17300200( 

17300200( 

173002001 

S 

fc3 

S 

W4 

173002001 

17300200' 

S 

ft7 

.S 

W8 

17300200 

D 

TT 

s 

2 

1 730020  Ct 
17300200; 

0 

TT 

s 

14 

*  17300200; 

17300200: 
I 7300299* 

******  EXAMPLE  3  :  I N-PuT  DECK  TG  DEFINE  AND  L 0 AD _ _ 

STIFFENERS  ON  NEBFRAPES  ~  46,  50  AND  52. 


*  JOB 

LNG  HULDDISK 

ti 

5003 

I NPS 

16TH 

N 

3003 

LOOP 

N 

• 

X 

N 

A  60  0  0  0 

IFEQ 

L 

1 

N 

480000 

TRAC 

T5HD 

7 

R  1 

STIF 

NAME' 

S 

*50 

S 

*51 

r 

S 

*54 

S 

*55 

S 

*58 

s 

*59 

5 

*62 

s 

•A  6  3 

S 

*66 

s 

*67 

• 

s 

*70 

$ 

*71 

pNCT 

M 

s 

19 

t 

L 

LB6 

s 

17 

REPT 

• 

*  L 

LB6 

s 

51 

NTRY 

N 

99 

ENOL 

N 

1 

• 

INPE 

■.  .>  • 

N 

520000 

N 

20000 

173003991 

173003001 

173003001 

N 

c 

w 

99 

*52 

S 

*53 

173003001 

17300300: 

17300300: 

5 

*56 

S 

*57 

17300300: 

S 

*60 

5 

*61 

17300300c 

*  S 

*fa4 

S 

*65 

17300300Z 

s 

*66 

S 

*69 

17300300Z 

s 

*7  2 

S 

*73 

173003001 

0 

T  T 

s 

16 

.  17300300: 

p 

5 

24 

17300300* 

p 

S 

51 

17300300*. 

• 

17300300* 

173003005 

17300399S 

-27- 
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1234  5 

1  2  3 

672*0 12?A567ft°0 12?^56 7S&01 

*  c.  6 

234  f  67£°0 1234 567  f  *0  12345678*^0  12345 

7 

676401234567 

INPUT 

JOB 

UPDATING 

LNG  PROG. 

DATE  17/10/75  TIHF  18/31/54  RUN 

PART  INPUT  ID. *6535  PEV.  NO.  4 

NO.  2 

-  PAGE 

JNPS 

RMKS 

N.  6515 

EXAMPLE  OF  PART 

375 

10651501 

10651501 

CTluJ  »-JG“A  F  »nK  ] 

USE  OF  DETAIL 

ENGINEERING  HQD 

■  ■  • 

.  10651-503- 
10651501 
.10651501 

TkSv 

Dpwg 

STRT 

11-03-03 

r 

r  . 

M 

L  L15 

106-51501 

10651501 

10651501 

UiTih'Z 
-  D  ART 
OUTP 

O  O 

1 

10651501 
-  1Q6>51501- 
•  10651501 

-DFCK 

LINK 

ifrwNnuTP 

p+ 

RND, 

D  TT  * 

-  24 

— —1061.1501 
*  10651501 
10651501 

LTifrTu 

LINK 

'DECK 

r  + 

INT 

P+ 

L  L66 

V  D  MDK  .  ■ 

-  -  1*0651501. 
:•  10651501 
•  •*:;  10651501 

ulTi}> 

SKEL 

C7RE 

1  r«  t 

P- 

M 

-  r.  T-T- 

• 

- — ^-1-06-51-50-1- 
10651501 
10651501 

riiUh 

DP.CT 
HI  ON 

« -e» 

SPL 

U  i  1 

L  L35 

L  LS6 

1-06-51 501- 

106,51502 

10651502* 

r.P;ijL 

RATH  2 

HION 
*  - 

— 

P  CF.G 

X  P  END 
.0  MDK. 

"ENC - 

3 

—3 - 10651-5021 

1065150? 

106=1502 

n  mV* 

RATH  2 
M1DN 

* 

5  2  C- 
Y  P  END 

M 

p  t  n  o - ; * - — ; — ; - 

3"  ’.U/ 

- I"06r5-i502 

\  10651502. 
1065150  2. 

Dr:CT 

LINE 

_u*ni: - 

SPL 

riDK 

L  LI 5 

D  1 

J  D - ; - 

*  1-065 1^02. 
10651502! 
106  51502- 

r.7  L»*v 

LOOP  2 
CNTFv 
-n  pf-v — 

CUTSCNLY 

ON  1 

— —-HI  O P-C* _ _ 

D  2&F  D  2 NO 

-  106-5150 2.- 

•  ,10651502- 
10651502 

CTRF 

:m  i  pn 

—R  M(vF — 

uLUl.r  1 

DLGOP  1  * 

- 1 - » A. _ 

» 

r*  r*-*r\  -  * 

—  1G  65-1-50  2 
•  10651502 
1065150? 

CUTE 

ENDL 

-4\C.fJI - 

• 

k  L«  fc* 

N  .  *  1. 

- 1-06-51 50  2 

'10651502 
‘  30651507 

L'  pri  La 

Of.. MR 
ENPP 

-r.tj.T — 

PSFPT / PE 

K 

-"  1 0  66-1-66  2 
1065150? 
10651=02* 

MOVE  2 

PART  DET.6-A  P&C.104 
-- c- — - 

0 

-  p—  4  U|  f - 

Y  49 

.  1-0651-503 
10651503 
/  1065150? 

* 

PCID 

END? 

-MCV5-2- 

PC. 194* 

STHPTadf 

K 

1  0 

S  15  A  •  0.  20 

-  ■■  1 06-5-1-50-r1 
10651503 
10651503 

— : - rnAJvi  tni 

PART  PCT.6-A  PC.1C3 

1  2.3  A 

-T?3^"TC7n°C  1 2?Af.ft7ircro  1  2?a£  67S<>01  23456‘78°0 1;?3 

-29- 


s  .  10651503 

5-  6-7 

Af  67  c‘of»12345679‘oC*12?A567Po012?A567 


it  I  • 


1  2  3  4  e-  6  7 

3  ?5.4  5f.7?t c-O)  2  r^r67i*°01^?.A£.c.7n«>01234‘367&^01 2345^  7i-oni?345678c>01234567f  00122^567 


INPUT  UPDATING  DAT F  12/10/75  TIME  18/21/5*  RUN  NC.  -  2 

JOE  LNG  PROG.  PART  INPUT  ID.  6515  REV.  NO.  4  PAGE 


PDEF 
PCI  D 
TNDP^ 


PC.1P3* 

- STORTAPF 


J  WJ 

M  I  S  2 1 

- in - 


J  V’K 
A  -oq 


74CVF2 

PART  GET.6-A  FC.182 

'PDEF - R—J“Wr 

PCID  PC. 2^2*  M 

STGP.TAPP 


3  0 


IS  30 


— O "2KP - 

A  -90. 


12 


TS-33- 


•  D  37  F 
-A— -<?0" 


D  46  F 
A  — °0  . 


END? 

7*.0Vr2 - : 

.PART  DET.6-A  PC. 179 

*  PDEF  R  D  2EF 

“PC  I'D P  m  79- - tt - 

FNDP  STCiP.TAPE  13 

MfiVF  2  .  30 

TT.'F  T~D  E  TT6  -  A - PCT172 - 

PDEF  R  D  37F 

PCID  PC. 3 72*  M  IS  36 

•ETCDF - ST^TAPt - o - 

MOVE  2  3  0 

PART  PST.6-A  PC. 171 

-PUFF-' - P:~D-46F - 0-55  F— 

PC1D  '  PC.  171st  M  IS  39  A  -^0 

ENDP  STOP.TAF'F  9* 

*  W.VE  ?—= - 3“0 - - - - - - — 

PA*T  P-T.6-A  PC.2R1 

PDEF  R.  D  C5F  J  WL 

'  PCI D - PCjrtS-l*— - M - IS  41 - A--^0.~ 

FNC*  ST CRT APE-  9 

MOVE 2  *  30 


Prt>T-DETv6-A  -  PC .166 - 

PPEF  R  J  WL 

PCID  PC. 166*  K 


IS  43 


D  67F 
A  -«0. 


ENDP - 5T0P.TAPF  -  - -9 

MOVE 2  3  0 

*PAF:T  DET.6-A  PC.  164 

PDEF - R— D“  67F - 

PCID  PC. 164*  .  M 

ENDP  STOP.TAPE  « 

-MOVE  2 - 3 — Cr- 


IS  45 


- J  •  WM- 

*  A  -90. 


PART  DE1.6-A  PC.  163 

PDEF  R  J  WM 

PCID PC  .  16?v - M - : - *1  $-4“ - - 

ENDP  STOPTAPF  9 

K0VF2  3  0 

•PAP 7‘  0FT.-6-A — PC-.  15° - 

PDEF  R  D  2ND 

PCID  PC.1S°~  M  "  IS  4° 

-ENDP - -STPPTAPfc-' - 9 - 

«rVF2  3  0 

PART  PFT ,( — A  r‘C .  1 55 

•  PDEF  — . - .  R~J  WN - 

A  DPP  D  MDK  L  LB 6 

12  3  4 


D  2ND 

•  A - OQ- 


2  0 


?  0 


-p— 0 


2  0 


7  0 


-2-0— 


2  0 


2  0 


J  VK 
A  -°0 


-22  0 


10651 f 0? 
10651503 
— 1-0651502 
•  106  51502 
.  10651502 

— 10651503 
10651502 
10651502 
— 1-06  51-503 
’  *  10651502 
■  10651504 
— 106-51*5-0* 
1065150* 

10651504 
—206-5150* 
10651504 
10651504 
— 1-C65-I  EC* 
10651504 
10651504 
— —1065150* 
10651504 
.  10651504 

- 10641504 

1065150* 

10651604 

- 1065150* 

1065150* 
10652  60S 
“106 5 1505 
10651505 
1065160  5 
— 10651505 
10651505 
10651505 
-1-065*3  505 
10651506 
1065 2 5C 5 
— 1065*1 505 


10651505 
10651505 
-10651506 
10651505 
10652505 
-106  5*1 50  5 
10651506 
10651506 
-1*0653  50  6 
10651506 


106 


•06 


+13  0  90 
6 

*2^34567890 1 22*567P°01 234  5^78^01  ?3*5c.7p<»01  ?3*  c67e9012345678c*01234f  675402  234567 


- 10641506 

10651506 

7 


•  *  I 


'  ■(, 
k.  *4567Cic01??4.f.6 


?  3  4  5*6  7 

?67i«0i;^4567tto01234567R*0l2?*&A78*012?*5&7R*0123A5f/7e«*U2345^e 


TIME  18/31/54* 


INPUT  UPDATING  OATF  12/10/75 

IP'.  LNG  I  PROG.  PART  .  INPUT  ID-  6.-3.- _ P.EV«  NO. 


RUN  MO* 
4 


£. 

PAGE 


■IPLE 

»’  IP’ 

I-iiDP 

LNPE 


PC7l*2>S~ - 

STQR1 APE 


•f-r 


oo  AO* 

18.  0  12  0 
- r - l-S-51 - A:  “-^Ov 


-2-0- 


0648 


106515063 
106513064 
'1-06-5 1*5064 
104515064 
106515999 


L.  ,4567r.o01£r-567PC01234567PO0123-5678C0i23^67ro012*.456789012345678O01?34f67P 

..  _ - - - SEVER‘1  TY“=“0 - INPUT*  I S  STOP EtrvTTH“ fi EVv~= r-5— - : — —  s. .  . - 


IN  PUT~TS~  f  X  FCUT  A  ?  LE  — 
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COMPUTER  AIDED  DESIGN  SYSTEMS 
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Sub-Task  2.1  Final  Report 
Computer-Aided  Design 

I.  Summary 

Sub-task  2.1  began  in  November  1978  with  a  meeting  of  IHI 
and  Levingston  representatives.  This  first  meeting  was 
held  primarily  to  determine  the  method  of  approach  which 
would  provide  accurate  descriptions  of  both  systems  from 
which  detailed  comparisons  could  be  made.  From  such  com¬ 
parisons,  deficiencies  in  the  Levingston  system  could  be 
isolated  and  recommendations  for  change  could  be  develop¬ 
ed. 

Thus,  IHI  began  its  investigation  of  the  Levingston  system 
which  continued  through  February  of  1979.  The  result  of 
this  investigation  was  detailed  report  prepared  by  Masumi 
Hatake  of  IHI.  This  report  consists  of  three  sections: 

1.  Examine  and  Study  the  SPADES  System;  2.  IHI  System; 
and  3.  Comparison  of  the  Capabilities  between  Levingston’ s 
SPADES  System  and  IHI  System.  Each  section  is  described 
as  follows: 

The  purpose  of  Section  1  was  to  determine  if  full  utiliza¬ 
tion  ana  benefit  is  being  realized  from  the  use  of  the  sy¬ 
stem  by  Levingston.  All  available  SPADES  modules  were  stu¬ 
died  (even  though  some  have  not  been  installed  for  use  at 
Levingston).  (Appendix  1,  P.  1.3-1). 

Section  2,  the  IHI  System,  adequately  describes  the  charac¬ 
teristics  and  functions  of  each  IHI  system  (module).  (Appen 
dix  1,  p.  2.1-1  through  2.1-9).  The  relationships  between 
the  systems  is  shown  in  a  flow  chart.  (Appendix  1;  p-2-0-3) 

Section  3,  which  compares  the  capabilities  of  the  IHI  system 
and  the  SPADES  system,  concludes  that  the  capabilities  of 
the  two  are  almost  equal.  (Appendix  1,  p.3.1.2).  In  addi¬ 
tion  analysis  is  provided  on  the  adaptability  of  the  IHI 
software  to  the  SPADES  system.  (Appendix  1,  p.312-1). 

A  meeting  was  held  for  the  presentation  of  the  report  and 
to  allow  for  explanations  ana  discussions.  (Technical  mem¬ 
oranda- Appendix  12). 


I .  Continued 


in  conjunction  with  the  above  report,  IHI  also  delivered  to 
Levingston  descriptions  of  the  IHI  computer  design  modules. 
The  descriptions  were  used  in  the  establishment  of  a  detail¬ 
ed  comparison  table.  This  table  is  the  basis  for  Levingston’ s 
report  entitled  “Study  and  Comparison  of  SPADES  vs.  IHI  Sy¬ 
stem”.  (Appendix  2).  The  comparison  table  was  established 
according  to  the  specific  application  of  each  module.  The 
report  consists  mainly  of  a  detailed  explanation  of  the  com¬ 
parison  table  followed  by  conclusions. 

A  detailed  deficiency  analysis  and  trade-off  study  was  not 
prepared  due  to  the  fact  that  IHI  and  Levingston  both  con¬ 
cluded  that  the  SPADES  system  is  adequate  ror  Levingston’ s 
present  and  future  needs.  A  memorandum  to  that  effect  was 
prepared  and  is  attached  as  Appendix  3. 


II.  Comparison  Analysis  Conclusions 
(RE:  Appendix  2) 

In  general,  the  IHI  N/C  system  and  the  SPADES  N/C  system 
are  both  very  good.  Whereas,  IHI  utilizes  its  system  to 
its  maximum  capabilities,  Levingston’s  use  of  SPADES  is 
not  so  comprehensive  due  to  lack  of  implementation  and 
facilities.  For  example,  the  absence  of  an  N/C  drafting 
machine  is  partly  the  reason  for  not  perfoming  lines 
fairing  in-plant,  and  for  not  installing  the  new  DEMO- 
module  of  SPADES.  The  functions  of  HULLCAL,  another 
SPADES  module  not  in  use  at  Levingston,  are  duplicated 
through  the  use  of  SHCP  which  is  obtained  from  another 
source.  HULLCAL  directly  references  the  data  base  but 
needs  some  improvements  in  capabilities,  whereas  SHCP 
requires  a  manual  loading  of  data  but  adequately  per¬ 
forms  the  necessary  functions. 

In  each  case,  there  is  some  justification  for  non-use  of 
certain  SPADES  modules.  Benefits  of  the  additional  mach¬ 
ine  capabilities  from  the  installtion  of  an  N/C  drafting 
machine  may  very  well  be  offset  by  costly  additional  per¬ 
sonnel  requirements.  Contracting  lines  fairing  from  out¬ 
side  sources  may  be  less  expensive  than  performing  the 
same  work  in-plant,  and  definitely  draws  from  the  exper¬ 
ience  of  the  contractor  in  fairing  many  different  hull  types 
and  shapes. 

SPADES  may  have  the  advantage  over  the  IHI  system  when  com¬ 
paring  the  modules  that  actually  duplicate  the  old  style 
lofting  and  template  making  methods  due  to  easier  input 
coding  and  full  utilization  of  the  data  base  set  up  with 
the  Fairing  and  Hulload  modules.  (All  SPADES  modules  access 
the  data  base,  whereas  some  of  the  IHI  modules  are  stand¬ 
alone  systems.) 

Implementation  of  the  IHI  system  at  Levingston  is  not  ne- 
cessaryz-  The  SPADES  system  currently  available  to  Levingston 
is  more  than  adequate  for  present  and  future  needs. 

The  capability  of  SPADES  is  considered  to  be  almost  equal 
to  the  IHI  system.  Full  configuration  of  the  SPADES  system 
covers  much  the  same  area  as  the  IHI  system,  except  for 
structural  analysis  and  vibrational  analysis  (which  are 
obtained  by  Levingston  from  other  sources). 


III.  Production  Improvement  Suggestions  -  IHI 

IHI  strongly  recommends  that  Levingston  make  full  use  of 
the  SPADES  system,  (p.1.3-6,  Appendix).  Specifically, 
it  is  recommended  that  Fairing  can  be  performed  in-plant 
as  opposed  to  the  present  practice  of  contracting  this 
work,  thus  creating  a  time  delay.  Fairing  the  hull  in- 
plant  would  enable  a  faster  start  on  all  design  work. 
(p.1.3-5,  Appenix  1). 

In  order  to  directly  utilize  the  Fairing  module,  (as  well 
as  some  other  modules  not  currently  used),  IHI  recommends 
the  installation  of  a  large  drafting  machine,  (p.1.3-7, 
Appendix  1)  .  This  will  also  help  eliminate  duplicated 
work  between  the  Mold  Foft  and  Engineering,  (p.1.3-5, 
Appendix  1).  The  drawings  from  the  drafting  machine  can 
be  used  as  the  base  drawings  from  which  more  detailed 
design  can  be  performed  as  well  as  checking  the  drawing 
for  input,  (p.1.3-6,  Appendix  1) 

The  DEMO  module  of  SPADES  is  also  facilitated  through  the 
installation  of  an  N/C  drafting  machine,  (p.  1.3-7,  Appendix 
1).  According  to  the  IHI  report  DEMO  will  provide  the  fol¬ 
lowing: 

*Fast  issue  of  working  drawings 
*Easy  and  quick  follow-up  to  design  change 
^Exclusion  of  duplicated  work 
^Manpower  savings 

As  part  of  Sub-task  2.2,  a  justification  analysis  will  ex¬ 
amine  these  opinions  in  detail  as  to  their  validity. 


VI.  Change  Analysis  Conclusions 

It  was  finally  concluded  by  IHI  and  Levingston  that  SPADES 
offers  enough  depth,  flexibility  and  future  growth  potential 
so  that  no  changes  involving  the  IHI  system  will  be  necess¬ 
ary.  For  this  reason  a  brief  explanation  of  this  conclusion 
was  submitted  in  the  form  of  a  memorandum  in  lieu  of  a  for¬ 
mal  change  analysis  document.  (See  Appendix  3.) 

Some  recommendations  have  been  received  to  install  addition¬ 
al  N/C  hardware.  In  relation  to  IHI’s  recommendations,  this 
activity  is  directly  related  to  Sub-task  2.2-Numerical  Control 
Steel  Fabrication.  Upon  actual  installation  of  recommended 
equipment,  expansion  of  Fevingston’s  use  of  SPADES  is  to  be 
expected.  Monitoring  and  reporting  of  the  installation  of 
such  hardware  will  be  reported  in  the  sub-task  2.2  Final 
Report.  As  Fevingston’s  use  of  SPADES  increases,  reports 
to  that  effect  can  be  submitted  in  addendum  to  the  sub-task 
2.1  final  report. 


V*  Recommendations  By  IHI 

IHI  recommends,  through  Mr.  Hatake's  report,  that  Levingston 
should  attempt  to  make  full  use  of  the  SPADES  system,  (p.1.3-6 
Appendix  1). 

By  installing  a  large  N/C  directed  drafting  machine,  it 
would  become  possible  to  install  two  very  helpful  SPADES  mod¬ 
ules,  Fairing  and  DEMO.  Fairing  is  now  done  by  Cali  and 
Associates  which  creates  additional  expense  ana  time  delays. 
(p.1.3-5,  Appendix  1).  DEMO  would  contribute  significantly 
to  1.)  fast  issue  of  working  drawings,  2.)  easy  and  quick 
follow-up  to  design  change,  3.)  exclusion  of  duplicated  work 
(p.1.3-5,  Appendix  A)  and  4.)  manpower  savings  (in  Engineer¬ 
ing  office  p.1.3-6,  Appendix  A),  (p.1.3-7,  Appendix  A). 

As  stated  in  Section  III  of  this  report,  the  benefits  of  the 
above  recommendations  will  be  weighed  as  part  of  sub-task 
2.2. 
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SUB-TASK  2.2  FINAL  REPORT 


SUMMARY 

Work  began  on  Sub-task  2.2  of  the  Technology  Transfer  Program  in 
November  1978  when  Levingston  and  IHI  represenatives  met  to  discuss 
scope,  approach  and  methods.  As  in  Sub-task  2.1,  the  first  step 
was  to  study  and  describe  the  IHI  and  Levingston  system  in  order 
to  quantify  the  present  use  of  current  system  as  compared  to  its 
potential  capabilities.  IHI’  s  M.  Hatake  began  a  thorough  study  and 
investigation  of  the  Levingston  N/C  system.  At  the  same  time,  a 
documentation  of  the  IHI  N/C  system  was  prepared.  In  March  of 
1979,  IHI  delivered  a  detailed  report  of  their  findings  concerning 
Levingston’ s  N/C  system  as  well  as  a  general  description  of  the  IHI 
N/C  system.  As  the  information  was  presented,  iterms  of  comparison 
and  contrast  were  identified. 

A  meeting  was  held  for  the  formal  presentation  of  this  IHI  report  and 
to  facilitate  a  question  and  answer  session.  Representatives  of  the 
Mold  Loft  and  Engineering  were  afforded  the  opportunity  to  get  a  cl  ear 
explanation  of  any  item  in  the  report  they  considered  unclear  or 
erroneous. 

Levingston  began  a  complete  study  and  comparison  of  the  two  systems. 

The  result  of  this  report  was  a  general  comparison  of  the  philosphies 
of  N/C  steel  fabrication.  A  brief  description  of  equipment  used  and 
the  flow  of  events  involved  beginning  with  contract  signing  through 
actual  fabrication  was  to  be  the  basis  of  the  resulting  report,  Con¬ 
sideration  of  IHI  recommendations  also  became  a  major  part  of  the 
task. 

Deficiencies,  or  area;  in  need  of  improvements  in  methods,  facilities 
or  equipment,  were  identified  in  Levingston’ s  deficiency  analysis  and 
trade-off  studies  report.  Only  the  items  considered  by  Levingston  to  be 
deficient  may  be  so  because  of  restrictions  not  prevalent  in  the  IHI 
yards.  However,  for  the  most  part  IHI’s  recommendations  were  follow¬ 
ed  up  with  justification  analyses  which  helped  in  -the  decision  making 
of  whether  or  not  to  implement  change  recommendations. 


2.2  FINAL  REPORT 

II.  COMPARISON  ANALYSIS  CONCLUSIONS 


A.  Philosophies  on  N/C  Steel  Fabrication 

Two  different  philosophies  of  N/C  steel  fabrication  have  developed 
at  IHI  and  Levingston.  These  differences  are  perhaps  rooted  in 
differing  conditions  which  affect  the  shipyards.  The  abundance  of 
skilled  manpower,  the  close  relationships  between  yards  and  sub¬ 
contractors,  industry-wide  standards  and  highly  developed  facilities, 
among  other  reasons,  have  all  contributed  to  the  present  policies 
and  methods  utilized  by  IHI.  At  Levingston,  in  many  cases,  condi¬ 
tions  are  opposite  of  those  at  IHI.  In  turn,  these  conditions  have 
had  impact  on  Levingston’ s  methods  and  policies  regarding  N/C  steel 
fabrication. 

In  Japan,  IHI  is  able  to  recruit  mold  loft  and  layout  personnel 
from  an  abundant  market  of  job  seekers.  They  can  also  be  relative¬ 
ly  certain  that  once  hired  and  trained,  these  employees  ‘Will  remain 
at  IHI  until  retirement,  except  in  unusual  circumstances. 

At  Levingston,  and  in  the  U.S.  shipbuilding  complex  as  a  whole, 
there  is  a  shortage  of  skilled  lofting  and  layout  personnel. 

It  follows  that  IHI’s  philosophy  of  N/C  utilization  for  steel 
fabrication  may  be  different  than  at  Levingston,  and  it  is. 

IHI  tends  to  process  through  N/C  only  that  steel  which  requires 
high  precision  and  repetition  of  shape  such  as  web  frames,  inner- 
bottom  floors  and  curved  shell  plates.  Flat,  straight  pieces  are 
processed  through  the  Panel  Shop  by  a  flame  planer.  Levingston, 
on  the  other  hand,  processes  as  much  steel  as  possible  through  its 
N/C  system,  including  flat  and  straight  pieces. 

At  Levingston,  plate  marking  for  shape,  structure  locations,  etc. 
is  performed  as  much  as  possible  by  the  N/C  burning  machine  which 
is  equipped  with  centerpunch  marking  heads.  The  necessary  material 
marks  and  instructions  are  added  manually  after  burning.  Such 
marking  is  usually  done  before  the  plate  is  moved,  but  other  pieces 
are  burned  simultaneously  on  other  areas  of  the  burning  table. 

On  the  other  hand,  IHI  is  equipped  to  perform  a  variety  of  N/C 
plate  marking  methods  including  zinc  or  plastic  powder  to  form 
continuous  line  marks,  manual  marking  of  structure  locations  using 
steel  tapes  prepared  from  N/C  generated  data,  and  electro-photo 
marking  . 

At  IHI-Aioi,  a  total  of  25%  of  all  plates  for  each  Future  32  vessel 
was  fabricated  by  the  N/C  equipment.  By  contrast,  at  Levingston 
almost  all  plates  for  a  vessel  are  produced  by  N/C  equipemnt. 
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II.  COMPARISON  ANALYSIS  CONCLUSIONS,  CONTINUED. 


B.  Equipment  And  Personnel 

Levingston-Orange 

*Punch  marking  on  same  machine 
*13  Loft  personnel 
*1500  to  1800  tons/month 

One  (1)  Burning  Machine 
*  Direct  Control 

*SPADES 

C.  Levingston  Deficiencies  Identified 


IHI-Aioi 

*Line  marking-zinc  powder  burning 
*50  Loft  personnel 
*6000  to  8000  tons/month 

Three  (3)  Burning  Machines 
Tape  Control 

*IHI  System 

By  IHI. 


1.  No  alternate  method  of  automatic  burning  for  times  when 
N/C  burning  machine  is  out  of  service. 

2.  No  panel  shops  for  rapid  fabrication  and  assembly  of  flat  and 

curved  panels  ,  complete  with  stiffeners,  using  a  flame  planer. 

3.  No  numerically  controlled  drafting  system  for  visual  checking 

of  data  base  for  hull  parts,  template  making  for  fabrication 
and  bending,  producing  drawings  for  use  with  optical  tracer 
type  burning  director  and  possible  applications  for  producing 
working  drawings  for  Engineering  . 

D.  Results  of  Deficiencies  Indentification 

1.  As  an  alternative  to  cutting  flat  straight  panels  on  the  N/C 

burning  machine,  an  optical  1:1  burner  director  has  been  in¬ 
stalled  to  direct  automatic  burning  machine  when  direct  num¬ 
erical  control  system  is  not  in  operation. 

2.  Work  has  begun  or  setting  up  a  panel  shop  with  a  flame  planer 

for  flat  panel  fabrication. 

3.  A  system  change  analysis  was  conducted  with  the  result  being 

a  recommendation  to  implement  the  installation  of  a  complete 
N/C  drafting  system  in  the  mold  loft. 
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III.  IHI  PRODUCTION  IMPROVEMENT  SUGGESTIONS 


Since  the  volume  of  Levingston's  steel  fabrication  is  expected 
to  increase  due  to  the  construction  of  the  36,000  D.W.T.  dry 
bulk  carriers,  IHI  has  offered  some  suggestions  such  as  level¬ 
ling  of  the  work  load,  rearrangement  of  shops  and  supporting  work 
areas,  etc. 

Related  to  sub-task  2.2,  IHI  recommends  consideration  of  an 
alternate  method  of  automatic  burning  (to  compensate  for  times 
when  the  present  N/C  burner  is  broken  down)  and  installation  of 
a  large  N/C  drafting  machine  in  the  mold  loft  to  facilitate  a 
scaled  plan  system  of  lofting  for  template  making,  plate 
validation  before  burning,  etc. 

An  alternate  burning  method  of  automatic  burning  has  been  installed 
as  a  result  of  IHI’s  suggestion.  It  is  in  the  form 
of  an  optical  1:1  burner  director.  Thus,  the  main  activity  of 
this  study  is  in  the  area  of  installing  the  N/C  drafter  in  the 
mold  loft. 
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IV.  CHANGE  ANALYSIS  CONCLUSIONS 


In  almost  all  of  IHI’s  reports  concerning  Levingston’s  N/C  steel 
fabrication,  it  has  been  suggested  that  a  major  deficiency  in  the 
mold  lofting  and  Engineering  systems  is  the  absence  of  a  scaled 
body  plan  system  utilizing  an  N/C  drafting  machine.  As  a  result, 
the  attached  system  change  analysis  (reference  5)  was  conducted. 
Supporting  investigative  and  statistical  data  was  received  from 
IHI  (reference  6)  and  from  Levingston’s  Industrial  Engineering 
Department  (reference  3).  This  data  is  the  basis  for  determining 
the  results  of  changing  to  an  N/C  drafting  system  in  the  mold 
loft. 

In  general,  it  is  concluded  that  the  mold  loft  could  successfully 
utilize  a  large  table  N/C  drafting  machine  with  the  necessary  related 
hardware  for  interface  with  the  present  system.  The  cost  vs.  esti¬ 
mated  benefit  study  indicates  paybacks  in  several  areas  including 
highly  accurate  data  bank  verification,  part  validation  before 
burning,  template  making,  and  providing  drawings  for  use  with  Levingston’s 
optical  tracer  burning  director. 

It  may  be  further  concluded  that  a  monetary  cost  payback  due  to 
high  accuracy  and  saved  lofting  manhours  is  the  obvious  benefit  of 
using  such  a  system.  But  another  benefit  will  accrue  in  the  form 
of  taking  more  time  away  from  the  total  amount  of  time  between 
contract  signing  and  delivery  date.  These  are  the  kinds  of  savings 
that  can  benefit  Levingston  now  as  well  as  making  the  U.S.A.  ship¬ 
building  market  more  attractive  in  the  near  future  on  a  worldwide 
basis. 
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F?g.  1  Flow  chart  of  ZPLATE  program 


IMI  EafiMtont 


method  item  (2)  is  distinctively  useful  for  structures 
with  periodic  identical  patterns  like  ship  hull  structures. 
As  to  item  (3),  the  program  must  be  balanced  with  items 

(1)  and  (2)  for  saving  labour  of  users.  Otherwise,  it  is 
not  meaningful  no  matter  how  refined  the  program  is. 

In  item  (5),  an  error  message  can  be  printed  out  and 
a  check  of  Structural  geometrical  data  is  to  be  done  by 
plotter  or  graphic  display.  For  item  (6),  automatic 
drawing  of  calculated  results  is  done  by  plotter  or  graphic 
display.  It  is  also  devised  to  print  out  Calculated  results 
in  most  convenient  form.  For  item  (7),  it  is  not  possible 
in  the  present  stage  to  calculate  the  inverse  of  a  stiffness 
matrix  within  the  core  memory  ofeven  a  super  large 
computer  although  it  depends  on  the  faculty  of  the  com¬ 
puter.  Therefore,  some  memory  devices  such  as  magnetic 
tape,  disc  or  drum  are  required.  Of  course,  it  is  truly 
useful  in  this  case  to  use  a  super  large  computer  with 
large  core  memory,  but  such  a  large  computer  is  usually 
open  to  various  jobs  by  time  sharing  system.  This  is 
because  it  is  not  economical  to  provide  a  large  core 
memory  only  for  a  single  small  job.  Therefore,  we  must 
make  use  of  some  external  memory  device  effectively 
although  a  certain  core  memory  is  still  needed. 

If  item  (7)  is  solved,  items  (3)  and  (4)  can  be  auto¬ 
matically  worked  out.  If  items  (1)  to  (7)  are  all  satisfied, 
it  will  be  a  very  refined  general  purpose  program  finite 
cicment  method. 

3.  Method  of  analyzation 

ZPLATE  is  made  to  analyze  by  finite  element  method 
the  elastic  stress  of  plate  structures  subjected  to  static 
loads.  Plate  structures  are  composed  of  thin  plates  in 
the  same  plan:  or  of  a  three-dimensional  combination 
of  plates.  The  plate  as  an  element  of  structures  does 
not  have  stiffness  against  out-of-plane  deformation  but 
retains  only  in-plane  stiffness.  Therefore,  stresses  are 
assumbled  to  be  in  the  plane  stress  equilibrium.  However, 
the  program  can  also  analyze  a  plate  with  line  membrers 
(created  as  truss  elements  because  of  no  flexible  stiffness). 
The  input  data  are  overall  structural  formulation,  dimen¬ 
sions  of  members,  material  modulus,  structural  condi¬ 
tions  of  locations  of  supports  and  loads  (including  forced 
displacement)  and  the  outputs  are  displacement  and 
stress  of  each  element  and  reactions  of  supports. 

The  structure  to  be  analyzed  is  first  divided  into  a 
remain  number  of  units.  Each  unit  is  a  group  of  several 
or  several  tens  of  elements  and  is  functional  as  an  ele¬ 
ment  in  a  wide  sense.  Each  input  is  associated  with  units 
and  joints  which  are  vertices  of  units.  The  unit  has  two 
types  of  geometry  and  is  selected  such  that  any  structure 
can  be  easily  idealized.  The  unit  plays  an  important  role 
in  saving  labour  in  preparing  input  data.  We  use  “unit 
division  method"(1)to  solve  simultaneous  equations. 
However,  the  unit  of  the  unit  division  has  a  slightly 
different  meaning  from  the  unit  defined  here,  as  will 
be  described  later  (section  3.1). 

3.1  Composition  of  program 


The  flow  chart  of  the  program  is  shown  in  Fig.  1 
(The  processes  1  to  14  are  a  set  of  subprograms  specified 
into  units  of  functional  characteristics  of  operation). 
For  the  substructure  method,  the  main  program  shown 
in  Fig.  1  will  be  used  as  a  subroutine  as  described  later- 

In  fig.  1,  the  discrimination  “Unit  number  of  reduc¬ 
tion”  between  processes  8  and  9  indicates  that  reduction 
is  to  be  performed  when  the  reduced  elements  of  the 
matrix  in  process  9  become  large  by  superposing  several 
units  (process  8).  In  other  words,  the  reduction  is  not 
applied  to  each  unit.  This  is  the  reason  why,  in  the  unit 
division  method,  we  call  one  unit  for  these  groups  of 
units  put  together. 

3.2  Stiffness  matrix  of  element 

Out  of  various  stiffness  matrices  in  plane  stress  pro¬ 
blems,  the  following  expressions  can  be  used  at  present 

(1)  Line  element 

Geometric  function 

u  —  «i  +  atx . - . . . (  1  ) 

(2)  Triangular  element  (uniform  stress) 

Geometric  functions 

a  =  +  atx  -f  aa;’)  n  . 

v  —  a«  +  +  a6yj 

(3)  Rectangular  element12' 

Geometric  functions 

u  —  ai  -t  +  crsy  4-  a4xv) 

i’  =  ffj  +  ««-v  4-  nTy  4-  <xtxyj . 

(4)  Arbitraray  quadrilateral  and  triangular  element 
by  Hybrid  Method'3' 

Assuming  linear  displacement  along  each  side  of  the 
element,  stresses  can  be  put  in  the  forms; 

=  ^  +  Sz.v  4-  Soy  Stf*  +  Siox:  —  *•••) 

=  S\  +  SaX  4-  S-.}'  4-  S*XZ  4*  Sia)*  4- * •  * •  j-  ..(4  ) 

=  Hi  -  So'  —  Six  —  2Sioxy  4-  •  •  . . 

Equation  (4)  satisfies  the  equilibrium  equations  of 
stresses  of  the  element  as  can  be  seen  from  the  forms  (4). 
Employed  in  the  program  are  two  types  which  include 
the  terms  up  to  p5  and  p7  respectively. 

Since  each  term  of  eqs.  (1)  to  (4)  satisfies  the  compa¬ 
tibility  conditions  for  the  adjacent  elements  due  to  the 
linear  displacement  along  the  sides  of  elements,  mixed 
use  of  these  elements,  is  possible. 

Fig.  2  shows  a  comparison  of  stresses  by  his  method 
and  by  beam  theory  applied  to  abeam  with  upper  and 
lower  face  plates  and  with  fixed  end  conditions.  The  line 
element  (1)  is  used  for  the  face  plates.  As  is  clear  in  the 
figure,  stresses  of  the  rectangular  element  with  p5  by  the 
hybrid  method  are  closest  to  those  of  the  beam  theory 
and  in  fact  almost  identical. 

This  is  because  the  stress  distribution  is  almost  iden¬ 
tical  if  the  lernis  up  to  ps  are  used,  therefore,  although 
we  cannot  conclude  which  is  the  best  element,  an  accurate 
result  might  be  expected  for  structures  like  frames  of  a 
slap  hull  if  quadrilateral  elements  up  to  .j5  of  the  hybrid 
method  are  used  even  if  the  division  of  elements  is  coarse 


Fig.  2  Comparison  between  beam  theory  and  P.E.M.  with  various  elements 
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Fig.  3  Method  of  automatic  mesh  generation 

general  the  rectangular  element  (3)  seems  to  be 
greater  than  the  rectangular  element  of  (4).  Also  the 
rectangular  element  (2)  and  (4)  give  almost  identical 
with  However  the  latter  is  more  useful  for  the  stress 
shown  of  parts  with  stress  concentration  where 
vary  distinctively  since  the  stress  distribution 
element  can  be  obtained  by  this  element. 


When  this  program  is  used  for  structural  analysis, 
first  divide  it  into  rectangular  elements  wherever  it  is 
possible.  Then  arbitrary  quadrilateral  elements  are  used 
for  the  parts  where  rectangular  elements  cannot  be 
applied.  Finally  use  triangular  elements  for  only  the 
part  where  other  elements  are  not  possible.  Since  auto¬ 
matic  mesh  generation  within  units  is  possible  in  this 
program,  stiffness  matrix  or  stress  matrix  of  an  element 
can  be  constructed  in  a  single  processing  if  the  unit  is 
rectangular.  Since  the  same  process  is  applied  to  other 
elements  too  the  computer  time  will  be  shortened. 

3.3  Automatic  mesh  generation 

The  fundamental  patterns  of  units  are  of  two  types, 
arbitrary  triangle  and  arbitrary  quadrilateral  as  shown 
in  Fig.  3.  where  one  side  of  the  triangle  and  the  opposing 
two  sides  of  the  quadrilateral  can  be  replaced  with  a 
circular  arc.  Each  side  is  divided  with  equi-distance  by 
using  the  number  of  divisions  assigned  in  input  data, 
and  make  elements  as  shown  in  the  figure.  The  number 
of  divisions  of  all  sides  of  a  triangle  and  of  opposing 
two  sides  of  a  quadrilateral  must  be  the  same.  Further¬ 
more.  since  the  number  of  divisions  of  the  -boundary 
line  between  adjacent  units  must  be  the  same,  the  deter¬ 
mination  of  number  of  divisions  is  restrained.  T  o  solve 
this,  a  mesh  generation  patterns  as  in  (c)  of  Fig.  3  is 
introduced. 

The  method  of  division  is  not  only  effective  in  the 
difference  of  labour  between  preparing  input  data  of 
each  element  and  preparing  input  data  of  each  unit,  but 
also  convenient  since  it  allows  us  to  make  fine  mesh 
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Fig.  4  Flow  chart  of  program  by  substructure  method 
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where  stresses  vary  rapidly  and  to  make  coarse  mesh 
wherever  we  have  no  significant  change  Of  stresses  in  a 
similar  manner  to  the  current  mesh  generation  when 
structure  is  idealized. 

The  shape  of  circular  arc  is  assigned  by  given  coordi¬ 
nates  of  an  arbitrary  point  on  a  radius  or  circular  arc. 
The  latter  method  is  convenient  for  preparing  input  by 
approximation  of  an  arbitrary  curve  as  a  circular  arc. 
It  can  be  considered  that  this  method  retains  the  adapta- 
blity  of  shape  since  any  shape  can  be  expressed  by 
combination  of  these  fundamental  patterns. 

3.4  input  and  output 

In  order  to  prepare  input  data  accurately  within  a 
short  time,  the  automatic  mesh  generation  of  elements 
is  carried  out  from  the  viewpoint  of  reducing  the  total 
number  of  data.  However  more  important  is  the  faculty 
of  the  mechanism  of  error  check.  Note  that  the  input 
error  does  not  simply  mean  the  consumptions  Of  com¬ 
puter  time  but  means  bringing  about  the  risk  of  using 
croneous  results  without  noticing.  As  in  Fig.  1.  data 
are  examined  for  grammatical  error  or  contradiction  of’ 
geometry  and  mesh  generation  through  the  error  check 
process  of  the  program  and  the  error  messages  are  print¬ 
ed  out.  Data  corrected  in  this  way  proceed  to  the  next 
page  where  coordinates  of  joints  and  arrangement  of 
and  arc  examined  by  graphic  display.  The  examples  in 
Figs.  6  and  10  arc  photocopies  of  graphic  display.  The 
program  is  made  in  such  a  way  that  a  view  of  structures 
from  any  angle  is  produced  on  the  screen  of  the  display 
device  by  simple  operation  of  rotating  the  dial,  and-even 
some  complicated  structures  can  be  examined  relatively 
only  for  error  of  coordinates.  Since  the  plotter  draws 
various  mesh  generations  (Fig.  7  and  others),  the  shape 
of  divided  elements  can  be  affirmed  at  the  same  time  as 
geographical  error  check. 

As  output  the  displacements  and  stresses  are  printed 
out  for  each  unit  and  displacement  of  joints  and  stresses 
of  elements  within  a  unit  are  arranged  such  that  they 
correspond  to  the  arrangement  of  actual  joints  and  ele¬ 
ments.  Therefore  reading  of  calculated  results  is  very 
easy.  Outputs  by  plotter  include  figures  of  mesh  genera- 
\*%  and  displacements  of  joints  (Fig.  7)  and  of  principal 
distribution  (Figs.  7  and  12)  in  which  maximum 
absolute  principal  stresses  are  shown  by  numbers  and 
the  directions  by  arrow  signs. 

3.5  Treatment  oflarge  scale  calculation 
One  of  the  problems  for  a  program  with  large  capacity 
how  to  handle  large  matrices.  One  advantage  of 
INVAC-110S  computer  is  the  ability  to  use  a  high 
need  magnetic  drum.  The  random  access  of  this  magnetic 
drum  is  easy  due  to  the  treatment  program  and  the 
stress  time  is  in  the  order  of  one  tenth  of  that  of  a  disk. 

advantage  is  made  use  of  as  an  extension  of  the  core 
^^r.pry  The  limitation  of  band  width  is  a  barrier  to 
the  treatment  of  a  large  matrix  in  the  unit  division 
method.  In  this  program  that  limitation  is  avoided  by 
using  a  drum.  This  will  be  explained  in  the  following 


paragraphs. 

The  process  9  of  the  flow  chart  in  Fig.  1  is  given  as 
follows: 

P  =  K-  D . . (5) 

P  —  Load  matrix 
K  —  Stiffness  matrix 
=  Displacement  matrix 

This  equation  is  divided  into  two  parts;  one  is  the  part 
of  joints  connected  to  the  front  unit  (Subscript-A)  and 
the  other  is  the  part  of  joints  to  the  back  unit  (Subscript- 


B)  as  follows: 

£]-££•]•£] . «> 

Eliminating  DAfrom  eq.  (6) 

Pr  —  Kr'Db . * . —  .....(7) 

In  eq.  (7), 

Kr  =  Kb  -  . . . . (  8  ) 

PR  =  pR  -  Krx'KaT^Px . (  9  ) 


Ka  is  controlled  within  a  certain  size  as  described  in 
section  3.1  to  calculate  accurately  the  inverse  matrix 
in  the  core.  The  elements  associated  with  the  subscript  • 
B  vary  depending  upon  the  case  or  each  stage  of  cal¬ 
culation.  Thus,  this  is  divided  equally  as  follows; 

I  Kn,ti  Kx.it  Kr  ,u . j 

I  Kb,K  Kb.ZI  •••••  I 

Aj»  “  i  Kit' it  Ka,u  A n,3i *••••  j . ...........(10) 

I  •  •  *  * 

j  •  •  •  • 

*  •  •  •  ► 

V  •  *  •  » 

Kar  —  C.K ab.iK xa.tK  ab,x  ••••••}  . (II) 

Ka'  ~  C.Pn.iPx%tPx.t  . .  .(12) 

An  area  sufficient  for  the  treatment  of  one  matrix  4hus 
obtained  is  reserved  in  the  core  and  each  matrix  is 
memorized  in  the  drum.  Note  that  since  Kba~KAb  * 
these  are  not  memorized.  Since  eqs.  (7) 
and  (8)  are  put  in  the  forms 

Kn.ij  —  Ka,t)  —  Kfix,j‘KA~l»KAa,i 

(/ =  1,2,3  "»  J=  1,2,3  •*•)[  "  ’ 

Pr,i  —  Pi ».i  —  Koa,i*Ka~1*Pa  (f  —  1*  2,  3  —  •)  .  .(14) 

the  calculation  proceeds  by  calling  one  at  a  time  the 
matrices  with  subscripts  i  and  j  and  the  results  are 
again  stored  in  the  drum.  The  process  10  repeats  the 
following  calculation. 

Da  —  Ka~1'Pjl  —  2  Ka~1'Kar.iDr,i  ........ ...(13) 

(si 

Following  the  above  procedure  any  size  of  matrix 
can  be  treated  if  the  capacity  of  the  magnetic  drum 
(external  memory  device)  is  sufficient  In  practice,  how¬ 
ever.  it  is  wise  to  make  effective  use  of  magnetic  drum 
since  any  dmm  capacity  is  limited.  Consequently  the 
required  number  of  words  must  be  figured  out  before 
the  calculation  and  a  process  is  assigned  to  put  data 
in  the  drum  without  any  blank.  Especially  KABand 
KAl  in  the  introduction  process  elimination  require  large 
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capacity  of  memory.  As  to  KABonly  non-zero  element 
is  memorized  since  many  elements  of  are  zero. 
Also,  since  AV1  is  symmetric,  only  the  upper  half  of 
the  elements  are  memorized.  As  a  result,  even  the  lar¬ 
gest  matrix  in  the  examples  of  application  could  be  less 
than  the  drum  capacity  of  1,000,000  words.  By  the  way, 
the  core  capacity  is  65K  words  at  present. 

3.6  Substructure  method 

As  described  in  the  foregoing  section,  the  computer 
time  in  the  analysis  of  ship  hull  structures  with  periodic 
identical  pattern  can  be  largely  reduced  by  common  use 
of  data  and  stiffness  matrices  by  taking  into  considera¬ 
tion  the  periodic  characteristics.  In  this  case,  the  identi¬ 
cal  pattern  is  called  substructure.  Actual  structures  are 
composed  of  several  types  of  substructures  and  in  many 
cases  they  repeat  periodically.  The  flow  chart  of  the 
program  by  the  substructure  method  is  illustrated  in 
Fig.  4,  where  the  parts  designated  by  ZPLATE  imply 
using  the  necessary  part  of  the  program  of  Fig.  1.  The 
other  parts  of  the  processes  are  also  the  same  as  those 
of  the  previous  section  in  the  basic  consideration. 

Regarding  the  substructure  method,  consider  the 
problem  of  idealization  of  structures.  As  to  ship  hull 
Structures,  saving  labour  in  preparation  of  data  can  be 
furthered  by  standardization  of  the  frame  patterns 
dependent  upon  the  ship  hull  such  as  on  tankers  or  ore 
carriers.  In  the  example  of  a  bulk  carrier  described 
later,  the  substructures  are  constructed  quite  arbitrarily. 
In  this  case,  the  time  needed  lo  prepare  the  input  data 
increases,  but  it  does  not  require  a  certain  type  of  ship 


No.  \.  3.  5.  7  hold  lluil  looo’l  p  -1.5) 
No. 2, 4, 6  hold  (empty  hold) 


(a)  Calculated  object  (case  of  L5  holds) 


lb)  Colcubted  cbjeci  (cose  of  2.5  holds) 


=3 


(c)  Cross  section  (calculated  object  half  portion) 


Fig.  5  Loading  and  bound  conditions  of  bulk  carrier 


hull  structure  and  can  be  applied  to  any  other  structure. 
If  they  can  be  respectively  called  specific  and  general 
purpose  programs,  then  the  natural  order  is  lo  first 
develop  the  general  purpose  and  then  extend  it  lo  the 
specific  purpose.  However,  it  is  noted  that  the  larger 
the  increase  in  efficiency  of  the  specific  purpose,  the 
more  restrained  is  the  idealization  of  structures.  Im¬ 
portant  to  designers  are  the  idealization  of  structures 
and  the  interpretation  of  results  by  finite  element  meth¬ 
od.  In  the  case  of  finite  element  method,  it  is  required  LO 
introduce  some  approximations  based  on  various  as¬ 
sumptions  although  the  idealization  is  comparatively 
easy.  It  seems  that  these  problems  should  be  determined 
by  taking  into  consideration  the  characteristics  of  each 
structure.  At  the  same  time,  it  is  instructive  for  designers 
to  reevaluate  the  structural  composition  through  the 
idealization  process,  in  the  future,  the  specification  is 
expected  to  progress  during  the  stage  where  the  finite 
element  method  is  introduced  to  the  design  process. 
However,  at  present  which  is  still  the  transient  stage,  it 
seems  necessary  Lomake  full  use  of  the  general  purpose 
program. 

4.  Appl i cat i  ons 

As  applications  of  the  ZPLATE  program,  the  results 
of  three-dimensional  stress  analysis  of  a  bulk  carrier 
and  longitudinal  stress  analysis  of  a  destroyer  are  pre¬ 
sented  below. 

4.1  Three-dimensional  stress  analysis  of  hull:  carrier 

The  test  hull  is  a  bulk  carrier  of  44,500  DWT  with  the 

following  principal  dimensions. 

LxBxDxd  =  190  x  30  x  16  x  11.55m 

The  models  used  for  the  calculations  are  two  types 
with  1.5  and  2.5  holds  respectively  (corresponding  to 
3  and  5  holds  if  the  symmetric  property  is  considered). 
As  to  the  1.5  hold,  two  types  of  coarse  mesh  and  fine 
mesh,  or  a  total  of  three  types,  are  analyzed  (Fig.  7). 
Alternate  loading  at  full  draft  is  employed.  The  sizes 
of  the  three  types  in  the  analysis  are  shown  in  Table  1. 

4.1.1  Assumption  of  calculation  and  preparation 
of  input  data 

For  the  preparation  of  input  data,  the  substructure 
method  described  above  is  employed.  Fig.  6  shows 
copies  of  the  shapes  of  substructures  checked  by  graphic 
display.  For  instance,  two  types  of  substructure  ((a) 
and  (b)  of  Fig.  6)  are  prepared  and  then  are  orderly 
connected  into  the  structure  shown  in  (c)  of  the  same 
figure.  The  analysis  was  carried  out  on  the  final  struc¬ 
ture  .  The  figure  shows  the  profile  of  the  units  where  the 
elements  are  further  divided  into  fine  mesh.  The  details 
of  the  mesh  of  each  part  of  the  structure  are  shown  in 
(a)  and  (b)  of  Fig.  7. 

Although  each  member  is  treated  as  a  plate,  the  face 
plates  of  the  transverse  rings  and  the  bulkhead  stiffeners 
are  assumed  to  be  line  elements  and  the  plate  with  longi¬ 
tudinal  beams  is  treated  as  an  orthotropic  plate  with 
increased  thickness.  The  adjustment  of  size  is  made 
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f.  4  (a)  Idealisation  of  bulk  carrier  (substructure  of 
transverse  ring) 
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Fig.  6  (b)  Idealization  of  bulk  carrier  (substructure  of 
bulkhead 


Fig.  6  (c)  Idealization  of  bulk  carrier  (total  structure) 


Table  1  Size  of  claculation  of  bulk  carrier 


Units 

Calculation  v  i 

VWC  N-Ss  ' 

t 

Mesh  generation  * 

No.  of  unit 

.  1 

1 

No.  of  element  ; 

1 

1 

No.  of  joint  j 

1 

i 

Degrees  of 
freedom 

; 

i 

1.2  hold  i 

Coarse  mesh 

444 

1.776  : 

1.511  ] 

•  4,347 

//  i 

Fine  mesh 

tr 

I  3,996  j 

3,534 
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ZS  hold  j 

:  Coarse  mesh  i 

798 

!  3,192  ! 

2,640 

S  7,680 
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asuming  transverse  rings  as  one  unified  ring  and  four 
frames  as  a  unit.  The  objectives  of  the  analysis  are  first 
to  make  a  rough  estimation  of  displacement  of  each 
part  such  as  double  bottom  floor  and  hopper  and  then, 
with  the  results,  to  recalculate  stresses  of  the  transverse 
rings  or  the  frames  as  the  local  stress  analysis.  The 
idealization  is  responsible  to  the  above  objectives. 

In  this  analysis,  we  used  mostly  quadrilateral  elements 
by  the  hybrid  method,  together  with  partial  triangular 
elements  of  uniform  stress.  Most  of  the  input  data 
are  common  to  the  analysis  of  the  three  types.  It  took 
about  five  days  for  one  person  to  prepare  the  data. 

4.1.2  Results  of  calculation 

Described  in  the  following  arc  the  way  of  mesh 
generation  and  the  effect  of  adjacent  holds  on  the  three- 
dimensional  stress  analysis  of  a  bulk  carrier. 

Fig.  8  shows  a  comparison  of  stresses  at  the  section 
of  No.  4  hold  center  for  two  cases  of  coarse  and  fine 
mesh  of  1.5  hold  models.  As  seen  in  the  figure,  almost 
no  difference  can  be  recognized  but  the  stresses  at  the 
transverse  ring  and  frame  are  slightly  different.  How¬ 
ever,  this  is  mainly  due  to  the  idealization  described 
in  the  section  “Assumption  of  Calculation”.  In  order 
to  evaluate  the  local  stresses,  the  zooming  method’” 
may  be  applied  in  which  the  part  in  question  is  taken 
out  into  small  mesh.  Therefore,  the  error  of  this  order 
may  be  negligible  in  reality.  The  displacement  is  not 
different  at  all  for  the  two  cases  arc  seen  in  Fig.  7. 

Fig.  9  shows  a  comparison  of  stresses  at  the  same 
section  of  No.  4  hold  center  for  the  two  casts  of  1.5 
and  2.5  hold  models,  to  examine  the  effect  of  the  ad¬ 
jacent  holds.  Again,  no  difference  can  be  seen.  The 
end  conditions  of  each  case  are  both  simple  supports 
at  the  front  of  the  bulkhead.  For  the  alternate  loading,, 
the  assumption  does  not  affect  the  adjacent  hold.  Since 
the  effect  of  longitudinal  stresses  of  the  front  and  rear 
holds  is  not  taken  into  consideration,  the  stresses  of 
longitudinal  members  art  quite  different.  However,  it 
does  not  affect  stresses  on  the  cross  section  as  seen 
in  the  results. 

The  following  conclusions  are  drawn  from  the  analysis. 

1.  The  effect  of  the  end  boundary  condition  of  the 
hold  adjacent  to  the  inspection  hold  is  compara¬ 
tively  Small 

2.  Even  the  coarse  mesh  of  this  example  gives  very 
good-results  as  far  as  the  hybrid  mesh  is  used. 

A  bulk  carrier  has  a  complicated  structure  compared 
with  a  tanker  and  there  are  many  unknown  problems 
as  to  the  effect  of  the  shape  of  hopper  tank  and  the  type 
of  hull,  etc.,  on  the  overall  strength.  Therefore  it  is  not 
permissible  to  draw,  from  the  example,  conclusions  on 
the  general  analytical  method.  It  is  necessary  to  esta¬ 
blish  the  three-dimensional  stress  analysis  of  finite 
element  method  by  further  studying  bulk  carriers  of 
various  types  and  boundary  conditions. 

4.2  Example  of  stress  analyses  of  ship  hull  with  long 
deck  house 


Fig.  8  Comparison  of  stress  at  section  of  No.  4  hold  center 
between  the  mesh  and  coarse  mesh  of  1 .5  hole 
models 


Fig.  9  Comparison  of  stress  at  section  of  No.  4  hold  center 
between  1.5  hold  model  and  2.5  hold  model 


Fig.  10  idealization  of  destroyer 


20 


BULKHEAD  < 


UPPER  DECK 


B 


Fig.  1 1I  Mesh  layout 


UPPER  DECK 

«■  r  ftS  I  Jlp^9Jpr-r-p~ 

rrrTnrr^ -  •>*  ^  -  r---*-’ -  -  -  «-*•«••»-»♦*•-- r  :  i  m. v*-*xw  *  t  t 

M  v  V.  %.  >,  >,  •*>.  >,  ■*,  -r*  >  '•►Vt  vrf  ■♦  f  •*•  ***  r  ^rt.,.  r^w*i  '•r  rf*+*  *  +  *•+'  sju>^>  r 

/4  ^  ^  ^  ♦•  t*  v  il  KJf  t  tf***-*'**  f  •* 

j,  n  ^  m  -•>-■>•  -  -  imt-m^^-es  zu!i_r  *  ,*_H&i_.t-Jiu - m — ; - 


r  **  *-vir7-P3. 

I*-  •*  r  r  r  f  f  ^Lp  ^ 
|  r  ♦*  f  7»?  r  t’  t*?EI— **  It**-- 


^a. 


(Note)  Arrow:  Direction  of  principal  stress 
< — ►  :  Tension  side 
)— <  :  Compression  side 


IHI  Engineering  Room 


I  s*.  1  Hirth  tf72 


lo!  Bridge  decfc 


Id  Profile 


8idoe  d«ik 


Fig.  13  Distribution  of  longitudinal  stress  of  hull  structure  (hogging  condition) 


Loilongitudinal  stresses  of  a  ship  hull  are  currently 
dyxed  by  assuming  the  hull  as  a  beam  with  both 
Ki  free.  Because  of  shear  lag,  the  results  may  be 
rt:  different  from  the  actual  stress  distribution  if  the 
hr  hull  with  a  long  deck  house  is  simply  treated  as 
K2m  of  varying  section.  Although  methods  Of  an- 
■ts°-  <5:’ (6’  are  studied  on  the  interaction  of  deck 
=Kand  ship  hull,  they  cannot  be  applied  directly  to 
d  ship  hull  structures  because  of  the  simplified  idea- 
3k)n  of  deck  house  and  ship  hull.  However,  ideaiiza- 
ec  c:lose  to  the  real  structures  is  possible  by  the  finite 
salt  method'71.  Presented  in  this  section  is  the 
=ivsis  on  a  destroyer  with  a  long  deck  house.  Since 
sdfect  of  the  deck  house  is  great  on  the  longitudinal 
5$ses  of  the  ship  hull  structure  in  this  case,  stress 
ssntration  is  produced  at  the  ends  of  the  deck 
3s:  and  quite  large  stresses  can  be  seen.  Therefore, 
^necessary  to  reinforce  the  part  or  to  provide  movable 
3s  to  the  deck  house. 

Q.1  Assumption  of  calculation 
f  In  this  analysis,  only  a  single  side  of  the  struc¬ 
ture  can  be  considered  since  both  the  structure 
aid  loading  conditions  are  symmetric  with  respect- 
tc  both  sides.  As  in  Fig.  10,  the  ship  hull  is  divided 
iito  a  structure  composed  of  flat  plates  so  that  the 
idealization  is  as  close  to  the  actual  structure  as 
possible.  Treating  these  places  as  units,  and  apply¬ 
ing  the  automatic  mesh  generation  to  the  units, 
tlhe  mesh  layout  shown  in  Fig.  11  is  obtained. 

-  Tine  longitudinal  members  attached  to  the  side 
shell  deck,  deck  plate  and  side  wall  of  the  deck 
house  arc  assumed  as  orthotropic  plates.  The 
stiffeners  of  the  transverse  bulkheads  are  also 
treated  as  orthotropic  plates  and  the  in-plane 


stiffness  is  taken  into  account. 

3.  As  to  loading,  the  load  in  the  vertical  direction 
of  the  ship  hull  is  applied  and  distributed  upon 
the  lower  end  of  the  side  shell  under  hogging 
condition  Where  the  crest  of  the  wave  of  one 
twentieth  the  ship  length  locates  at  the  midship. 

4.  As  boundary  conditions,  the  lower  end  of  side 
shell  is  supported  vertically  at  both  ends.  One  oF 
the  ends  is  also  supported  longitudinally.  Since  the 
actual  reactions  at  the  two  points  are  close  to  zero, 
we  can  examine  the  loading  conditions.  Furthermore 
taking  the  symmetry  of  the  structure  and  loading 
into  consideration,  we  assumed  that  the  plate  is 
supported  in  the  transverse  direction  at  the  center 
line  of  the  ship  hull  and  is  free  in  the  vertical  direc¬ 
tion. 

5.  Used  in  the  analysis  are  quadrilateral  element 
for  the  hybrid  method  and  triangular  element  for 
the  uniform  stress. 

42.2  Results  of  calcualtion 

Fig.  12  shows  the  distribution  of  principal  stresses 
of  each  part  of  the  ship  hull  structure.  Fig.  23  shows 
the  distribution  of  longitudinal  stresses  of  the  ship  hull 
structure.  As  can  be  seen  in  Fig.  13,  the  deck  house 
affects  very  much  the  longitudinal  stresses  of  the  ship 
hull  and  the  distribution  is  quite  complicated  since 
the  side  wall  of  the  deck  house  and  the  deck  plate  are 
not  on  the  same  plane.  For  analysis  of  the  stress  con¬ 
centration  at  the  ends  of  deck  plate,  the  mesh  layout 
of  this  example  is  too  coarse  to  obtain  accurate  results. 
Accordingly,  the  zooming  method  may  be  applicable 
in  this  case.  The  study  is  not  given  in  this  paper.  How¬ 
ever,  we  can  see  some  stress  concentration  at  the  ends 
of  the  deck  house  even  in  the  given  mesh  layout. 
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5.  Conclusions 

A  general  purpose  computer  program  designated 
ZPLATE  was  described  for  the  plane  stress  analysis 
of  plane  and  three-dimensional  structures  through 
finite  element  method  As  applications,  the  three 
dimensional  stress  analysis  of  a  bulk  carrier  and  the 
longitudinal  stress  analysis  of  a  destroyer  with  a  long 
deck  house  were  presented.  In  the  development  of  the 
program,  we  intended  to  obtain  a  program  with  large 
capacity  which  is  sufficient  for  practical  use  and  whose 
scale  is  balanced  with  the  faculty  of  saving  labour  in 
preparation  of  input  data  and  in  analysis  of  calculated 
results.  In  this  paper,  examples  with  4,000  to  more 
than  10,000  degrees  of  freedom  in  calculation  are 
presented.  However,  this  program  can  solve  these  ex¬ 
amples  within  a  few  days.  We  believe  therefore  that 
our  initial  objectives  have  been  attained  satisfactorily. 
The  future  problem  is  to  extend  the  program  to  those 
which  include  analysis  of  out-of-plane  bending,  buckl- 
jng,  vibration  and  e!asto-plasticity. 
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APPENDIX  P 

Z  VIBRA  -  MATRIX-METHOD  OF  VIBRATIONAL 
ANALYSIS  OF  FRAMED  STRUCTURES,  AND  ITS 
APPLICATION 
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Matrix  Method  of  Vibrational  Analysis  of  framed 
Structures  and  its  Application 


Isao  Net]* 


Recently,  with  the  matrix  method,  analysis  of  elastic,  plastic,  vibrational  or  buckling  problems  of  framed 
structures  widely  diffused  in  the  various  field  of  structural  design,  plus  analysis  of  complex  three -dimentional 
frames  structures  are  becoming  daily  routine  work.  A  computer  program  designated  ZVIBRA.  for  vibrational 
analysis  of  three-dimensional  framed  structures,  has  been  developed,  using  the  stiffness  matrix  method  of  the 
author.  The  present  paper  outlines  the  ZVIBRA  program  with  some  examples  of  its  application.  The  program 
aims  at  analysis  of  elastic,  vibrational  responses  of  sinusoidal  forced-loaded  frames,  including  the  influence  of 
shear  rigidity  and  rotatory  inertia,  which  should  be  particularly  useful  for  analysing  ship  hull  structures. 


1.  Introduction 

In  recent  years,  with  the  matrix  method,  analysis  of 
clastic,  plastic,  vibrational  or  buckling  problems  of 
framed  structures  which  are  broadly  diffused  in  the 
various  fields  has  come  into  wide  use.  and-by  the  use  of 
this  method  the  analysis  of  complex  three-dimensional 
framed  structures  are  becoming  daily  routine  work. 
The  author  has  developed  a  computer  program  ZVIBRA. 
for  vibrational  analysis  of  three-dimensional  framed 
structures,  using  the  stiffness  matrix  method.  Therefore 
its  outline  and  examples  of  its  application  will  be  pre¬ 
sented  here  with  an  intention  to  place  it  at  the  service  of 
the  interested  public. 

ZVIBRA  has  been  prepared  for  analysis  of  vibrational 
responses  in  elastic  range  of  three-dimensional  framed 
structures  under  sinusoidal  forced  vibration.  Because 
the  of  effects  of  shear  rigidity  and  rotatory  inertia  are  taken 
into  consideration,  this  method  is  particularly  effective 
in  the  analysis  of  structures  such  as  the  ship  hull  struc¬ 
tures  where  the  effects  of  those  factors  cannot  be  ignored. 

For  vibrational  analysis  method  of  framed  structures, 
a  method  in  general  use  obtains  natural  frequencies  in 
free  vibration  by  replacing  the  structure  to  be  analysed 
with  a  structure  made  up  of  multiple  masses  and  spring 
system.  However  in  framed  structures  where  shearing 
deformation  and  rotatory  inertia  are  taken  into  consi¬ 
deration.  it  is  extremely  difficult  to  obtain  natural  values 
by  the  use  of  the  above  method.  Moreover,  in  replacing 
the  structure  with  that  of  a  multiple  masses  and  spring 
system,  adequate  precision  can  not  be  obtained  unless 
the  members  are  approximated  by  as  many  masses  and 
spring  as  possible.  In  consideration  of  the  above  fat- 
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tors,  the  author  has  assumed  the  framed  structures  to  be 
a  conglomerate  of  beams,  which  have  infinite  degree  of 
freedom,  and  then  their  stiffness  matrices  were  obtained, 
Using  such  matrices,  their  vibrational  responses  were 
calculated  and  as  a  result  their  vibrational  modes  and 
amplitudes  were  obtained.  Accordingly,  since  the 
natural  frequencies  can  not  be  obtained  under  this  meth¬ 
od,  vibrational  responses  corresponding  to  the  number 
of  vibrations  at  the  necessary  number  of  points  were 
obtained,  then  by  reviewing  the  increase  or  decrease  of 
vibrational  amplitudes  as  well  as  the  phase  change  of 
vibrational  modes,  the  natural  values  can  be  obtained. 

2.  Solving  method 

2. 1  Application  and  assumptions 

The  application  and  assumptions  used  in  this  program 
are  outlined  as  follows: 

1.  The  objective  is  the  vibrational  analysis  of  framed 
structures  in  elastic  range  under  varying  loads  (including 
forced  displacements)  of  sinusoidal  form  with  a  constant 
amplitude.  The  framed  structures  defined  here  are 
structures  consisting  of  joints  and  straight  members 
between  joints,  with  uniform  cross  sectional  areas.  The 
members  are  assumed  as  ideal  lings,  neglesting  the 
thickness,  and  the  joints  are  assumed  as  ideal  points. 
Therefore,  the  structures  consisting  of  plates,  curved 
bums,  and  tepered  beams  have  to  be  analysed  as  strut- 
tures  consisting  of  respectively  equivalent  beams  by  using 
proper  approximation  method,  following  the  above 
assumptions. 

2.  The  ends  of  the  members  of  the  framed  structures 
can  be  pins,  rollers,  spring-supported,  built-in  connec¬ 
tions,  rigid  attachments  or  free-ends.  For  loading 
conditions,  the  concentrated  loads  applied  on  joints 
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and  the  forced  displacements  at  joints  will  be  considered. 

3.  For  vibrational  mass,  the  dead  weight  of  beams, 
the  added  mass  uniformly  distributed  over  the  beams 
and  the  concentrated  mass  at  joints  will  be,  considered. 

4.  Damping  factor  of  structures  is  not  considered. 
Therefore,  the  amplitudes  near  the  resonance  point  will 
become  considerably  larger  than  the  actual  values. 
However,  at  points  10%  apart  from  the  resonance 
frequency,  it  is  safe  to  think  that  the  amplitudes  in  the 
ordinary  structures  will  be  quite  close  to  the  actual 
valvues.  even  if  damping  factor  is  not  considered. 

5.  The  results  of  analysis  calculated  will  be:  The 
displacements  and  angular  deflections  at  all  joints,  the 
displacements  and  angular  deflections  at  quarter  points 
of  each  member,  stresses  at  ends  each  member,  support 
reactions,  etc.  When  necessary,  vibrational  mode  curves 
of  each  structure  can  be  plotted  by  the  use  of  a  plotter. 

6.  As  for  the  analysis  method,  the  stiffness  matrix 
method  derived  from  the  displacement  method  is  used, 
and  by  analysis  of  vibrational  responses  (but  not  taking 
into  account  of  damping  factor)  the  vibrational  modes 
at  the  desired  vibrational  frequency  are  examined,  and 
also  by  calculating  at  several  levels  of  vibrational  fre¬ 
quency  the  resonance  frequency  can  be  found. 

2.2  Stiffness  matrix  for  vibration  of  beams  having 
uniform  cross  section 

Stiffness  matrix  of  beams  having  uniform  cross  section 
is  obtained,  when  sinusoidal  forced  load  is  applied  at 
each  end.  where  bending,  shearing,  torsion,  elongation 
and  rotatory  inertia  are  taken  into  account.  The  symbols 
used  in  the  equations  will  have  the  following  meaning: 


Fig.  1  Right  handed  coordinate  system  adapted  in 
present  study 


X:  Coordinate  in  the  direction  along  the  length  of 
beam. 

}\  z:  Coordinates  perpendicular  to  the  beam,  in 
accordance  with  the  right  handed  coordinate 
system  (See  in  Fig.  1) 

U:  Displacement  in  x  direction 
T:  Displacement  in  y  direction 
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u"  Displacement  in  :  direction 
v#:  Displacement  only  due  to  bending  in  y  direction 
n-s:  Displacement  only  due  to  bending  in  :  direction 
0X :  Angle  of  rotation  around  x  axis 
0 y:  Angle  of  rotation  around  y  axis 
0Z:  Angie  of  rotation  around  z  axis 
GJ:  Torsional  stiffness  of  beam 
El/.  Bending  stiffness  of  beam  around  y  axis 
Eh:  Bending  stiffness  of  beam  around  z  axis 
Ax:  Cross  sectional  area  of  beam 

GAyi  Shearing  stiffness  of  beam  in  y  direction 

GA.i  Shearing  stiffness  of  beam  in  z  direction 
ft:  Weight  of  beam  per  unit  length 
Imx:  Rotatory  inertia  of  beam  per  unit  length  around 
x  axis 

Rotatory-inertia  of  beam  per  unit  length  around 
y  axis 

Rotatory  inertia  of  beam  per  unit  length  around 
z  axis 

1:  Total  length 
w:  Forced  circular  frequency 
Fx:  Axial  force  in  x  axis  direction 
Fy:  Shearing  force  in  y  axis  direction 
Fz:  Shearing  force  in  z  axis  direction 
Mx:  Torsional  moment  around  x  axis 
My:  Bending  moment  around  y  axis 
Mz:  Bending  moment  around  z  axis 
m:  Mass  of  concentrated  material  paint  at  joint. 
Jx:  Rotatory  inertia  of  concentrated  mass  at  joint 
around  x  axis 

Jy:  Rotatory  inertia  of  concentrated  mass  at  joint 
around  y  axis 

Rotatory  inertia  of  concentrated  mass  at  joint 
around  z  axis 

xg:  Distance  from  joint  to  Center  of  Gravity  of 
concentrated  mass  in  x  axis  direction 
JG:  Distance  from  joint  to  Center  of  Gravity  Of 
concentrated  mass  in  y  axis  direction 
*<;•  Distance  from  joint  to  Center  of  Gravity  of 
concentrated  mass  in  z  axis  direction 
kx:  Spring  constant  of  support  joint  in  x  axis  direc¬ 
tion 

ky:  Spring  constant  of  support  joint  in  y  axis  direc¬ 
tion 

k: :  Spring  constant  of  support  joint  in  z  axis  direc¬ 
tion 

kmxi  Torsional  spring  constant  of  support  joint 
around  x  axis 

kmy:  Torsional  spring  constant  of  support  joint 
around  y  axis 

k ;  Torsional  spring  constant  of  support  joint 

around  z  axis 

(1)  Longitudinal  vibration  of  beam. 

Let 


p  <ru 


=0 


(1) 
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u  =  Us(x)  sin  wt  . . 

and  substitute  equation  (2)  into  (I) 


d:U„  _2  n 


■(2) 


(3) 


where,  cr  —  w'filEAzg 

Therefore,  the  solution  of  equation  (3)  can  be  given  by 
the  next  equation 

«„{*•)  =  /<i  cos (tx— ^tsintrx  . ' (4) 

Al,  A2:  constant  of  integration. 

(2)  Lateral  vibration  of  beam 

The  lateral  vibration  of  beam  having  uniform  cross 
section,  where  bending,  shearing  and  rotatory  ineitia  are 
taken  into  account,  can  be  expressed  as  follows,  accord¬ 
ing  to  the  well  known  equation”  of  Timoshenko  Firstly, 
the  lateral  vibration  in  y  direction  can  be  expressed  by  the 
next  equation 


o*v 

Ox* 


bt  o\  d*p 

Pt  <7*  /  dx*dtl 

l  b  rv  o*v 

\Pi  \  +  St*  ) 


=  0 


Here,  since 


(5) 


a 


bt 


Aw_ 
8  ’ 


Pt  —  Elt,  —  GAf 


let  r=r0(x)srnw/ . - . (6) 

and  substitute  in  equation  (5) 


d*v0  dx\'c 

d^r+2klr-^r-hklry9  =  0 


(7) 


•here; 


Hence,  equation  (7)  can  be  expressed  by  the  next  equa¬ 
tion 


‘♦(a1)  =  CiCOsh/r?,x-f  Ci  cossmhmix 

-hC»  cosntjx+C^sinmix  •— (10) 
fit  Ct,  C».  C«:  constant  of  integration 

m'  =  ^kul~k--k^ 

"’■=  k„  +  k,r 

In  the  similar  manner,  the  lateral  vibration  in  z  direction 
to  be  obtained  as  below. 


tu  =  sine >t  . --{1 1) 

tut(x)=  Dt  Coshnix+Z)jsinh/i|jr 

-fZ?j+jD«cosn^esinntx- — ..—..(12) 

Du  Di,  Du  Dt :  constant  of  integration 
"i=  V 

"t-  J  VktS-kt'+kt' 


(3)  Torsional  vibration  of  beam 
let 


GJ ™ 


6,  —  On(x)sinwt 


- *13) 

—(H) 


and  substitute  (14)  into  equation  (13) 


d*e, o 

dx' 


FOxo 


=  0 


(15) 


where;  ?•  —  arlmxIGJ, g 

Therefore  the  solution  of  equation  (is)  canbe  given  by 
the  next  equation 

0xo(A.')==£tCOS/3x+-B»sin/3x  . — *{16) 


Bls  i?j :  Constant  of  integration 

(4)  Stiffness  matrix 

Stiffness  matrix  is  obtained  by  using  equations  (4). 
(10),  (12).  (16). 

Firstly,  let 


.  F,  =  Fro(.v)  sin  tut  Mx  —  M «(s)  sin  tut 
F,  =  Fr0(x)  sin  tat  Mt~  Wrote)  sin  wt 
Ft  =  F,ote)  sin  wt  M,  —  Aftv(x)  sin  wt 


**(17) 


Here,  considering  that 


ds(  V— v«) 


dx 

Fy  =  —GAy 


di c5 
dlvB 


F,  =  -GA: 


i/s(w-ws) 

rfx* 


where  the  related  equationsf3JJ41,  obtained  by  using 
compatibility  conditions  of  the  displacement  and  equi- 
brium  of  forces,  arc  expressed  in  matrix  form,  it  will 
become  as  follows: 
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IHI  Etc!  wring  Mrlt* 


."•»  i 

,i 


1 

o 


we 


0 


ffro 

By* 


0 

0 


F„ 

Fn 

Fn 


0 

0 

0 


Mr* 


0 


My* 


0 


Mr* 


0 


0  0 

1  0 

0  1 

0  0 

0  0 

0  0 

0  *  0 
0  0 

0-0 


0  0 


0 


0 

0 

0 

0 

0 

Pt 

tiyCf 

0 

Pt 

C, 

0 

0 

0 

0 


0 

0 

0 

0 

Pt 

<JrCt 

0 

0 

0 

Pt 
C r 

0 

0 

0 


0 

0 

0 

0 

0 

0 

0 

0 

0 

•GJ 

0 

0 


0  0  I 

0  0 

0  0 

0  0 

0  o 

o  o 

0  0 

0  0 

0  0 

0  0 

Pt  o 

0  —pc 


«# 

V# 

We 


9m 

<*w, 
dx 
dv* 
dx 
du e 
dx 
d*v* 
~dx* 
d*w ( 
dx * 
de„ 

dx* 

d*w* 

dr* 

ePv* 

dr* 


*•*(19) 


where  C,  =  (l-  C,=  ^1  — 


The  equation  (19)  shall  be  rewritten  in  the  form  of  next 
equation 


Where  d(x),  H 1  (x)  are  from  the  top  to  the  6th  row.  and 
F(x),  H2(x)  are  the  last  6  rows.  Then,  by  using  qua- 
tions  (4),  (10),  (12),  (16),  the  next  equation  can  be  Ob¬ 
tained. 


Equation  (21)  will  be  expressed  as  in  the  next  equation 


=  L(x)-C  • 


(22) 


By  substituting  equation  (22)  into  equation  (20),  the 
following  can  be  obtained; 

’fw]=b-£W-c . <**> 


'  «* 

co sax  0  0 

0 

0  0 

sin  ax  0 

0 

0 

0  0 

*■* 

0 

coshm,x  0 

0 

0  «inm,x 

0 

sinmjx  0 

0 

0  COS  171  |X 

c, 

»*1 

0 

0  cosh/qx 

0 

sinh/ttx  0 

a 

0 

sinittx 
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Therefore 


C=(B-L(x)) 


(24) 


BY  using  equations  (23),  (24),  the  following  can  be  ob¬ 
tained: 


Where  the  above  takes  the  form  of 


[m»  - - (26) 

then,  Mnt  Mit,  Mn  are  each  a  matrix  of  6x6. 

From  equation  (25), 

DU)  =  M„-D(0>+Af„.F(0) . —*(27) 


F(l)  =  A/u*A'0)+M„*F(0) - - <2 8) 

By  using  equations  (27),  (28)  and  applying  the  symmetry 
of  stiffness  matrix,  the  following  equation  can  be  ob- 
t  a  i  n  e  d  : 


where 

=  .  (30) 

A'u  =  M  zi~l(Ku—M «) 

K  in  equation  (29)  is  the  stiffness  matrix  for  vibration  of 
beam  having  uniform  cross  section.  Furthermore,  when 
there  is  a  concentrated  mass  m  at  the  starting  point  or 
ending  point  of  beam,  the  following  matrix  should  be 

added  to  Kn  or  - 

’—m«*  I 


i  0  -mw1 

i 

1  0  -0  —mta* 

I  0  marze  —  maAvc 

-/««* 

l-matzc  0  rtui^Xc 

0 

maryc  —rrturxc  0 

0  0  -J*ol 

. (31) 

Moreover,  when  the  joint  is 

spring  supported,  k„  k 

k„„  kmr>  km~,  etc.  should  be  added  to  the  terms  in 

diagonal  line  of  the  matrix  for  that  joint. 

2.3  Solution  of  vibrational  stiffness  equation 
Using  the  equation  (29)  derived  in  the  preceding  sec¬ 
tion.  the  stiffness  matrix  for  each  member  will  be  pre¬ 
pared.  These  matrixes  and  external  loads  are  placed  in 
absolute  coordinates,  by  carrying  out  transformation  of 
Wrdinatcs.  Then  the  stiffness  matrix  for  the  entire 
structure  will  be  prepared  by  adding  the  matrices  of  ail 
joints.  When  the  inversed  matrix  of  this  stiffness  matrix 


for  the  entire  structure  is  obtained  and  when  it  is  multi¬ 
plied  by  the  external  loads,  the  vibrational  displacement 
and  vibrational  modes  for  each  joint  in  that  structure,  in 
the  case  of  circular  frequency  w,  can  be  obtained.  By 
changing  this  w  little  by  little  and  repeating  the  above 
calculations,  it  is  possible  to  obtain  the  resonance  curve 
of  that  structure.  In  the  actual  computational  programs, 
calculations  for  several  vibrational  frequencies  art  carried 
out  simultaneously. 

Because  the  stfflhess  matrix  of  the  entire  structure,  in 
the  case  of  three-dimensional  framed  structures,  will 
become  a  matrix,  of  a  size  6  times  the  number  of  general 
joints,  it  is  not  possible  to  directly  calculate&  this  inversed 
matrix,  from  the  standpoint  of  computer  capacity,  when 
a  structure  contains  very  many  joints.  Therefore,  the 
author  has  adopted  the  unit  splitting  method,  which  is 
generally  used.  The  author,  however,  invented  a  meth¬ 
od  which  will  eliminate  the  need  of  splitting  the  structure 
into  several  units  by  the  user  himself,  which  is  very 
troublesome  work  and  is  considered  as  shortcomings  of 
unit  splitting  method.  Since  the  details  of  this  system 
had  already  been  presented11',  its  explanation  will  be 
omitted  here.  Furthermore,  assumptions  concerning 
the  relation  between  the  structural  member  coordinate 
system  and  the  absolute  coordinate  system,  and  the 
releases  at  joints  and  at  ends  of  members  are  the  same  as 
the  above  reference111.* 

3  .  Program 

The  program  was  prepared  in  accordance  with  the 
contents  as  explained  above.  The  points  which  were 
specially  considered  in  the  preparation  of  this  program 
are  as  follows: 

1.  The  sectional  properties  and  dead  weight  of  each 
member  will  be  automatically  calculated  by  the  input 
of  in  dimensions  and  specific  gravity. 

2.  The  vibrational  modes  can  be  drawn  by  the  plotter, 
thereby  the  results  of  analytical  work  can  be  quickly 
and  appropriately  grasped  by  appealing  to  vision. 

3.  Attempts  have  been  made  to  minimize  the  user’s 
efforts  by  providing  the  error  messages  at  each  check 
point,  thereby  permitting  early  detection  of  er¬ 
roneous  data. 

4.  Considerations  have  been  made  to  permit  com¬ 
putational  capacity  of  structures  having  large  num¬ 
ber  of  joints  and  members.  At  present,  the  max¬ 
imum  computational  capacity  is  as  follows: 

Number  of  joints:  800 
Number  of  members:  1,600 
Number  of  loading  conditions:  16 

the  computer  employed  in  this  system  is  UNIVAC- 
1 108,  and  the  plotter  is  CALCOMP. 

4.  Example  of  applications 

4.1  Example  of  vibrational  analysis  of  radar  mast 

An  example  of  analysis  of  radar  mast  in  an  escort 
ship,  as  shown  in  Fig.  2,  will  be  introduced  here.  This 

4®. 
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Fig.  2-(cj  Vibration  mode  of  radar  mast  (first  order  in 
•portend  -starbord  direction) 


Rg.  2»{d)  Vibration  mode  of  radar  mast  (second  order 
in  port  and  starbord  direction) 
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Fig.  3  Model  of  experiment  (mm) 

radar  mast  is  a  three-dimensional  framed  structure  made 
up  of  steel  pipes.  The  radar  and  other  equipment  are 
attached  to  14  joints  near  the  top  of  the  mast,  and  they 
jic  considered  to  constitute  a  concentrated  masses. 
The  dead  weight  of  steel  pipes,  which  constitute  the 
framed  structure  will  be  computed  as  distributed  mass 
in  the  program  by  inputting  pipe  diameter,  thickness 
and  specific  gravity,  and  the  distributed  mass  will  be 
applied  to  each  member.  More  over,  since  the  dimen¬ 
sions  of  each  member  are  given  the  sectional  properties 
of  each  member  will  be  automatically  computed  in  the 
Program.  In  addition,  the  coordinate  values  and  boun¬ 
dary  conditions  of  each  joint  will  be  input.  As  for  the 
hud.  forced  displacements,  consisting  of  sinusoidal 
waves  of  same  amplitude,  were  applied  to  10  support 
I’Hnis  at  the  base  of  radar,  in  the  directions  along  the 
length  of  ship  as  well  as  toward  port  and  starboard. 

The  ‘computational  results  of  vibrational  modes  are 
Drawn  by  the  plotter  as  shown  in  Fig.  2  The  resonance 
Points  in  port  and  starboard  directions  were  320  cpm 


for  first  order  and  630  cpm  for  second  order,  and  in 
longitudinal  direction  365  cpm  for  first  order  and  672 
cpm  for  second  order.  Moreover,  because  the  weight 
distribution  of  this  mast  is  not  symmetrical  longitudinal¬ 
ly,  a  small  amount  of  torsion  will  be  generated  in  lateral 
vibrations. 

4.2  Example  of  vibrational  analysis  of  web  frame  in 
tank 

Recently,  with  the  increase  in  ship  size,  there  are 
sometimes  damages  of  web  frames  in  tank  near  the 
stem,  due  to  vibrational  forces.  In  order  to  investigate 
the  behavior  of  vibration  on  web  frames  in  tank,  a  model 
test  was  done  by  the  technical  research  laboratory  of  our 
company.  A  comparison  between  the  test  results  and 
the  analytical  results  by  this  program  ZVIBRA  has 
been  made. 

(I)  Model  test 

A  test  model  shown  in  Fig.  3  consists  of  tank,  made 
of  acrylic  resin,  in  which  2  web  frames  were  installed. 
The  model  was  mounted  on  the  vibrator  base,  then 
vibration  was  applied  on  to  the  model  in  longitudinal 
direction  (perpendicular  to  surface  of  web  frame),  and 
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vibrational  responses  and  vibration  modes  were  meas¬ 
ured  for  the  cases  of  with  and  without  water  in  the  tank. 

Measurements  were  made  in  the  following  manner, 
namely.  8  accelerating  type  pick-ups  (weight:  1.5  g)  were 
attached  to  the  web  frames,  and  pick-up  was  fixed  onto 
the  vibrator  base.  By  changing  the  vibrational  fre¬ 
quency  both  acceleration  and  phase  were  measured  for 
each  vibrational  frequency.  The  positions  where  the 
pick-ups  were  attached  arc  shown  in  Fig.  6. 

(2)  Computation  by  this  program 

Because  this  program  is  applicable  only  to  framed 
structures,  it  is  necesary  to  modify  the  type  of  structure 
where  it  is  close  to  a  plate,  as  in  the  case  of  web  frame, 
into  a  model  of  frame-type  structure.  According  to 
test  results  (Fig.  6),  it  is  clear  that  the  panel  itserf  be¬ 
tween  stiffeners  also  vibrates  considerably.  Therefore, 
the  conventional  method  of  solving  the  web  frame  stif¬ 
fness  problems,  in  assuming  the  web  frame  to  be  sub¬ 
stituted  by  a  grillage  structure  made  up  of  stiffeners 
with  appropriate  effective  width,  as  generally  used,  is 
not  useful.  Therefore,  the  panel  between  stiffeners 
was  also  assumed  lo  constitute  a  part  of  the  grillages, 
and  the  fixing  condition  of  web  frame  ends  was  also 
taken  into  consideration.  Then  computations  were 
carried  out  with  the  assumptions  as  below: 

1.  The  portion  shown  by  the  dotted  lines  in  Fig.  4-(b) 
will  be  ignored,  and  it  is  assumed  that  the  web 
frame  is  made  up  of  panels  and  stiffeners  shown  by 
solid  lines  only. 

2  The  panel  between  stiffeners  is  assumed  ‘to  con¬ 
stitute  a  part  of  grid,  thereby  the  web  frame  is  as¬ 
sumed  to  be  a  grillage  structure  in  Fig.  4-(a).  Further, 
lines  in  Fig.  4-(a)  show  the  following  items: 

Heavy  continuous  line: 

Stiffness  and  weight  will  be  determined  by  as¬ 
suming  a  member  made  up  of  a  vertical  stiffener 
plus  an  effective  width  equal  to  a  half  of  the  panel 
between  stiffeners. 

Alternate  long  and  short  dash  line: 

The  shaded  portion  in  Fig.  4-(b),  namely,  stif¬ 
fness  and  weight  will  be  computed  by  taking  up 
the  central  tral  half  of  the  panel  between  stiffeners. 
Dotted  line: 

An  area  having  a  width  equal  to  1/2  of  panel 
in  horizontal  direction  is  taken  up  in  the  middle 
of  panel  (shaded  portion  in  Fig.  4-(c)),  and  it  is 
assumed  that  there  is  a  member  which  has  stiffness 
equivalent  to  the  above  dimensions  but  has  no 
weight. 

Light  continuous  line: 

The  face  plate  only  on  upper  edge,  and  its  stiff¬ 
ness  and  weight  will  be  determined. 

Alternate  long  and  two  short  dashes  line: 

The  lower  plate  of  web  frame  and  1/2  of  tank 
bottom  plate  are  assumed  to  contribute  to  the 
stiffness  and  only  the  latter  item  will  be  accounted 
for  weight. 


Fig.  6  Resonance  curves  and  vibration  mode  of  web 
frame  in  air 


3.  Both  left  and  right  ends  of  the  grillage  shown  in 
Fig.  4-(a)  are  supposed  to  be  rigidly  fixed  to  both 
walls  of  sufficiently  rigid  model  tank. 

4.  The  lower  end  of  web  frame  which  is  assumed  to 
be  of  grillage  structure  is  rigidly  fixed  to  the  tank 
bottom  stiffeners  at  the  bottom  of  vertical  stiffeners, 
and  the  stiffness  and  weight  of  the  tank  bottom 
stiffeners  is  computed  by  including  the  entire  effec- 
ive  width  of  the  panel. 

5.  The  entire  model  is  handles  as  a  framed  structure 
shown  in  Fig.  5.  In  this  case  since  the  model  is 
symmetrical  about  the  center  of  tank,  only  a  hail 
of  the  above  model  will  be  considered  and  at  the 
center  only  a  half  of  the  stiffness  and  weight  of  a 
member  is  taken,  and  its  rotatory  displacement  was 
ssumed  to  be  zero. 

As  for  the  loads  used  in  computation,  an  attempt 
was  made  to  produce  the  same  conditions  as  in  the  case 
of  test  by  applying  forced  displacements  of  sinusoidal 
type  onto  joints  3,  6,  7,  10,  13,  14.  25,26,  37.38,  in 
Fig.  5. 

(3)  Comparison  of  test  and  computational  results 

Frequency  response  curves  and  vibration  modes  of 
the  model  tested  in  air  arc  shown  in  Fig.  6,  and  the 
frequency  response  curve  was  plotted  from  the  com¬ 
putations  at  measurement  point-i.  Further,  in  Fig.  7 
a  comparison  is  made  of  measured  and  computed 
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(■!  V*brot*on  in  air  (cakvle>*d  ratonanc*  tiaqvaney  ’  136Hz) 


Fig.  7  Measured  and  computed  vibration  mode  of  web 
frame 


vibration  modes,  both  in  air  and  in  water.  However. 

in  the  case  of  computation  of  vibrations  in  water,  the 
virtual  mass  of  water  was  estimated  from  the  frequency 
of  both  in  air  and  in  water  according  to  tests,  and  those 
values  were  used  in  the  computation. 

As  can  be  seen  from  Fig.  6,  the  calculated  value  of 
resonance  frequency  is  136Hz  which  agrees  fairly  well 
with  the  test  value.  However,  the  magnification  of 
vibrations  shown  to  be  of  large  value  near  the  reso¬ 
nance  point,  because  damping  factor  is  not  taken  into 
account,  and  the  calculated  values  approach  to  the  test 
values  as  the  frequency  moves  away  from  the  resonance 
point.  In  Fig.  7,  when  the  test  and  computative  values 
are  taken  equal  at  measurement  point-1,  a  comparison 
of  the  two  values  at  other  points  is  shown.  As  can  be 
seen  from  the  above,  the  form  of  vibration  mode  agrees 
fairly  well  with  test  results,  and  the  mode  from  computa¬ 
tion  clearly  shows  that  the  panel  between  stiffeners  is  in 
coupled  vibration.  Examples  of  output  mode  by  the 
plotter  in  drawing  the  vibration  mode  curves  are  shown 
in  Fig.  8. 

43  Example  of  analysis  of  coupled  vibration  between 
hull  and  bottom 

As  one  method  of  analyzing  the  vibration  of  hull,  the’ 
hull  can  be  considered  as  a  beam  with  varying  cross 
section,  and  it  has  been  ascertained  that  computation 
based  on  the  above  assumption  produces  adequately 
precise  results,  if  the  degree  of  vibration  is  rather  low. 
However  it  is  known  that131  in  high  degree  vibration  hav¬ 
ing  more  than  4  nodes  or  so,  unless  the  coupled  vibration 
with  local  vibrations  arising  from  bottom,  etc.  is-not 
taken  into  account,  it  is  difficult  to  carry  out  accurate 
analysis. 

As  an  example  of  analysis. of  coupled  vibration  between 
hull  and  bottom  (double  bottom),  the  case  of  Ship  A 
(a  bulk  carrier)  will  be  explained  below: 
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Fig.8.(a)  Output  from  CALCOMP  plotter  of  vibration 
mode  curve  of  web  frame  in  air  (1) 


Fig.  8-(b)  Output  from  CALCOMP  plotter  of  biration 
mode  curve  of  web  frame  in  air  (2) 
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(1)  Computative  assumption 

In  carrying  out  the  analysis  the  following  assumptions 
have  been  made: 

1.  The  hull  will  be  approximated  by  a  plane  grid  as 
shown  in  Fig.  9.  Since  the  hull  is  a  symmetrical 
structure  at  port  and  starbord.  of  the  hull  need 
be  considered.  Namely,  by  letting  the  vertical 
displacements  of  all  joints  on  the  centerline  of 
ship  as  well  as  the  rotatory  displacements  around 
Y  axis  free,  and  also  by  letting  other  components 
displacements  constrained,  the  results  would  be 
the  same  as  if  both  sides  were  computed.  As  for 
the  means  of  approximating  the  structure  by  plane 
grids,  the  double  bottom  structure  is  shown  by  a 
plane  grid  with  dotted  lines,  and  both  side  structure 
and  transverse  bulkheads  by  a  grid  with  continuous 
lines. 

2.  The  stiffness  of  each  structure  was-taken  as  below: 
Double  bottom: 

The  double  bottom  was  split  into  4  transverse 
girders  and  3  longitudinal  girders,  then  their 
stiffness  was  computed.  The  torsional  stiffness 
was  computed  by  using  a  value  assuming  that  the 
double  bottom  is  made  of  plates  with  anisotropic 
plate. 

Side  shell: 

One  half  of  the  longitudinal  stiffness  of  ship 
{moment  of  inertia  and  the  effective  shearing  area 
used  in  the  so-called  longitudinal  strength  of  ship) 
was  used.  For  the  torsional  stiffness  of  double 
bottom,  the  torsional  stiffness  of  hopper,  which 
is  connected  with  the  double  bottom  floor  was 
used. 

Transverse  bulkhead: 

The  bending  stiffness  was  taken  to  be  very  large, 
and  computing  the  shearing  stiffness  the  cross 
sectional  area  of  bulkhead  plate  was  used. 

3.  The  distribution  of  hull  weight  has  been  allocated 
as  below: 

Double  bottom: 

The  dud  weight  of  double  bottom  and  the 
ballast  within  double  bottom  were  uniformly  dis¬ 
tributed  to  transverse  girders. 

Side  shell: 

Both  hull  weight  and  ballast  other  than  those 
of  the  double  bottom  were  distributed,  according 


to  the  respective  distribution  in  longitudinal  din 
tion.  so  that  the  resultant  distribution  in  o 
member  would  be  uniform. 

Transverse  bulkhead: 

The  dead  weight  of  transverse  bulkhead  is  to 
included  in  the  side  shell. 

4.  Virtual  mass  of  the  water,  as  obtained  using  t 
method  of  Lewis'6’ was  distributed  to  the  ion 
tudinal  girders  of  double  bottom,  and  where  the 
is  no  longitudinal  girder,  it  was  distributed  to  t 
side  shell. 


Table  :  Comparison  between  calculated  and 
measured  natural  frequencies  of  ship-A 


Node 

Category 

2 

3 
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4  i 

i 

|  i 

i  5  ! 

i  | 

r« 
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i 

measured  -values 

•53 

103 

■140  | 

160  | 

(252 

Calculated  values 

52 

104 

141  | 

}  1«  | 

/239 
!  \2$) 

(Note)  -  -  calculated  values 

X  Measured 

- :  calculated  values  uunder  assumption 

that  hull  is  abeam  with  varying 
cross  section. 

Fig.  10  Natural  frequency  versus  number  of  nodes  c 
ship-A 
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(NOte)  - :  Mode  at  ship  side 

. :  Mode  at  centerline  of  double  bottom 


Fig.  11  Calculated  mode  curves  of  ship-A 


5.  As  for  the  load,  vertical  forces  of  sinusoidal  form 
were  applied  onto  joint  at  stern  end. 

(2)  Results  of  analysis  and  comparison  with  actual 
measurement  results 

Under  the  above  assumptions,  the  vertical  hull  vibra¬ 
tion  of  Ship  A  was  computed.  Table  I  contains  the 
comparison  between  calculated  and  measured  values  of 
natural  frequencies,  and  Fig.  10  shows  the  comparison 
between  calculated  and  measured  results  of  natural 
frequency  curves.  The  dotted  line  in  the  above  figure 
represents  the  calculated  values,  when  the  hull  is  assumed 
of  a  beam  having  varying  cross  section.  Moreover, 
the  frequency  with  6  nodes  in  the  above  table  is  actually 
not  of  a  mode  with  6  nodes,  and  because  only  the  stern 
is  vibrating,  its  frequency  is  equivalent  to  6  nodes 
but  not  of  6  nodes  in  strict  sense. 

As  can  be  seen  from  Fig.  10,  the  values  obtained  from 
calculations  agree  very  well  with  measured  values,  when 
calculations  were  made  by  assuming  a  beam  with  V  a  r  y  i  n  g 
cross  section,  as  a  matter  of  course  the  coupling  effects 
between  hull  and  double  bottom  can  not  be  accounted 


for.  and  because  the  resonance  frequency  varies  linearly 
as  the  number  of  nodes  increases,  the  calculated  results 
will  differ  considerably  from  the  measured  values  start¬ 
ing  from  around  the  4th  node. 

Vibration  modes  of  side  shell  and  centerline  of  double 
bottom  at  the  resonance  point,  according  to  the  cal¬ 
culation  of  this  system  is  shown  in  Fig.  II.  It  can  be 
seen  that  the  vibration  of  double  bottom  increases 
starting  from  around  the  4th  node.  Moreover,  the 
fact  that  at  resonance  points  of  239  cpm  and  251  cpm 
the  nodes  on  side  shell  disappear  and  only  the  stern 
portion  vibrates  will  provede  a  good  explanation  on  the 
actual  cases  where  stem  vibrations  frequently  occur  in 
higher  degree  vibrations. 

5.  Concl  usi  ons 

With  the  stiffness  matrix  method,  a  general  purpose 
program  ZVIBRA  for  vibrational  analysis  of  three- 
dimensional  and  two-dimensional  framed  structures 
has  been  prepared.  Its  outline  and  several  examples 
of  its  application  have  been  presented,  showing  that 


25 


HI  EntinMfini  Rttitw 


there  have  been  good  agreements  between  theory  and 
test  results.  As  a  target  for  future  studies,  it  is  necessary 
to  continue  research  which  takes  into  account  of  the 
damping  factor  of  vibration. 
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V.  RECOMMENDATIONS 


The  current  upgrading  of  facilities  and  e  q  u  i  p  me  n  t  related  to  Numerical 
Control  Steel  Fabrication,  Sub-task  2.2  of  the  T.T.P.,  has  produced  a 
system  which  is  capable  of  increasing  the  tons  per  month  of  fabricated 
steel.  The  related  N/C  software  package,  SPADES,  currently  provides 
more  data  than  the  system  is  utilizing.  It  is  the  common  opinion  o  f 
IHI  and  key  Levingston  Production  and  Engineering  personnel  that  an 
N/C  system  of  scaled  body  plan  mold  lofting  be  implemented  through 
the  installation  of  a  numerically  controlled  drafting  machine  in  the 
mold  loft. 

Please  see  Reference  1  which  documents  the  rationale  for  this  decision. 
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APPENDIX  M 

IHI  WORKING  FLOW  AND  SCHEME  FOR  HULL  STRUCTURE  DESIGN 
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APPENDIX  N 

EXPLANATION  OF  IHI'S  DESIGN  FLOW  (PIPING) 
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